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HYTRON TYPE 6AL5 

Very -High- Frequency Twin Diode 

ELECTRICAL CHARACTERISTICS 

Heater potential (AC or DC) 

Heater current ....... Peak inverse potentialt .. . 

Heater- cathode potentialt 
la.. . 

Peak plate current p er la. 
Average plate 

current per P 

INTERELECTRODE 
CAPACITANCES 015 mmf. 

. 15 mmf. 
Plate 1 to plate 2 . 

' 3.8 mmf. 
Plate to cathode* . . . 

shield. 
Cathode all* ag with close- fitting 

Capacitances are averages 

PHYSICAL CHARACTERISTICS T-5 yi 
midget 

Bulb. ................ Miniature button 7 -pin 

Base . 

..1.82 inches max. 
.8 

inches 
cher max. 

Height overall .... ...... 
maximums should be 

Diameter ..... design 

10% lower to allow for line voltage variations. 
I Maximum ratings shown are absolute; 

sections. approximately 
Value is for one of the two twin diode 

r 

TYPE 6AL5 
(Developmental 

Hytron D27) 

The 6AL5 fills the need for a high perveance twin diode with the low voltage drop required for many special r.f. circuit applications. WPB and the Services consider diode connection of the 6J6 twin triode (and other triodes) to be a wasteful misuse. With minor changes of socket wiring, the 6AL5 easily replaces the diode - connected 6J6. 
Specifically manufactured and rated as a diode, the 6AL5 is tested as a diode. Close production control keeps within a narrow range the cutoff characteristic in the contact potential region. De- signed throughout for efficiency on high and very-high radio frequencies, the 6AL5 has a separately connected shield which may be grounded to isolate the two diodes and their associated circuits. A midget miniature bulb permits extra space savings. 

Possible uses include: Detector and AVC, clipper, limiter, FM frequency discriminator, special high- frequency diode, power rectifier. 

BASING 

Pin 1- Cathode 1 

Pin 2 -Plate 2 

Pin 3-Heater 
Pin 4-Heater 
Pin .5- Cathode 2 

Pin 6-Shield 
Pin 7 -Plate 1 

CONSTRUCTIONAL 
FEATURES 

Rugged mount is 

supported by short, 

heavy stem leads as 

well as by top mica. 

Close cathode-to- 
plate spacing gives 

high perveances 
1 

(Note plate cooling 

3 Electrostatic 
shield 

connects to pin 

mica shields 
4 the elements from 

getter spray. 

5 
Miniature perd 
nuits negligible 
inductance and min- 

imum interelectrode 
capacitances. 

6.3 volts 
0.3 amperes 

460 max. volts 
..350 max. volts 

60 max. ma. 
10 max. DC ma. 

OLDEST EXCLUSIVE 
MANUFACTURER 

OF RADIO RECEIVING TUBES 

S ALE M A N D 

10.1)1.0 'MIMS 
MASS. 

BUY ANOTHER WAR BOND 
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!! 
HI(YHWAI'S OP THE AIR 
q.002taat to euwu`aKe tatrPtected us ailftoatx awe aviaAóa 

YOU SHOilLD CKNOW- 

What is the "bottle- neck" in 

post -war expansion of civil avi- 

ation . See page 8 

Why CAA is installing Ultra High 

Frequency radio ranges. 
See page 8 

What anti -collision devices are 

being developed . . See page 9 

What electronic aircraft detec- 

tors are . . . . See page 9 

What can civil aviation learn 
from the A A C S See page 2 

What goes into an instrument 
landing system . . See page 11 

What is approach control. 
See page 11 

This issue is No. 1, Volume 1- others will follow if you 

request them. Contents are authoritative -but non-technical 

-designed to inform the layman on a subject which is 

becoming of increasing importance. 

Send for your copy on your letterhead -we are glad to 

send it as our contribution to a greater Air- America. 

These questions and dozens of others 

of vital Import to all those interested 

in the development of radio in aviation 
for increased safety of human life and 

property are discussed in the pages of 

IIIGiiWAYS OF THE AIII 

RADIO RECEPTOR CO., INC. 
251 West 19th Street New York 11, N. Y. 

. Engineers and Manufacturers of Airway and Airport Radio Equipment Communications Equipment lndustriol Electronics Electronic Heating Equipment 

S I N C E 1 9 2 2 I N R ' A D I Or A N D D E L E C T R O N I C S 
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LEWIS WINNER, Editor 
F. WALEN, Assistant Editor 
A. D'ATTILIO, Assistant Editor 

1Ye See... 
A SIGNIFICANT CONCLUSION, stressing 
the importance of broadcasting, ap- 
peared in the postwar allocation pro- 
posal of IRAC (Interdepartment Radio 
Advisory Committee) presented in 
Washington recently at a State De- 
partment conference. An assignment 
of about 61% of the spectrum between 
42 and 1,000 mc for f -m, television and 
relays is proposed. The proposal also 
calls for the extension of the standard 
broadcast band downward by adding 
the 540 kc band, a move that will pro- 
vide improved service. For f -m, the 
42 -to 54 -mc band is proposed. And for 
television, nine 6 -mc channels between 
54 and 108 mc, and three 12 -mc or six 
6 -mc channels between 158 and 218 mc 
are suggested. Television may also re- 
ceive the use of thirty 16 -mc bands be- 
tween 460 and 956 mc and an addi- 
tional 16 -mc channel between 508 and 
524 mc, when these channels are no 
longer required for navigational aids. 

Aeronautical communications also 
receives a substantial proportion of the 
spectrum in the allocation plan, with 
a host of channels between 200 kc and 
3900 mc. 

In commenting on this strident pro- 
gram that will eventually be placed be- 
fore a postwar international communi- 
cations conference, Francis C. deWolf, 
chief of the State Department Tele- 
communications Division, said that the 
American public has become commu- 
nications wise. The tremendous in- 
crease of radio demands an interna- 
tional organization, he said. The radio 
industry, he pointed out, has set a pat- 
tern for the world. And this time U. S. 
radio will be there to receive its just 
rewards, he emphasized. 

IN LONDON, A BROADCAST -TECHNIQUE 
engineering conference plan is now 
under consideration. The British IRE 
have advised us that they intend to 
hold an international convention of 
radio engineers about one year after 
cessation of hostilities. And they ask 
that the readers of COMMUNICATIONS 
comment on this proposed conference. 
Address all letters to G. D. Clifford, 
British Institution of Radio Engineers, 
9 Bedford Square, London W.C. 1. 
We, too, would appreciate receiving 
your comments on the foregoing and 
other postward projects under consid- 
eration.-L. W. 

Including Television Engineering, Radio Engi- neering, Communication & Broadcast Engi- neering, The Broadcast Engineer. Registered 
U. S. Patent 

Member of Audit Bureau0offu Circulations. 
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VOLUME 24 NUMUER 
COVER ILLUSTRATION 

Closeup of 17,000 -volt mercury -vapor rectifier -tube section of a 50,000 watt transmitter. 
(Courtesy Western Electric) 
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MAINTAINS 

8 FIXED FREQUENCIES 

WITH ACCURACY OF 

k 1 PART IN 2000 

OVER LONG PERIODS 

-hp- Instruments are rated 
within conservative limits 

because of the wide range of 
applications which are normally 

encountered. However, their performance can be depended 
upon within much closer limits when proper care is taken. 

For example: -hp- Audio -Oscillators are rated to maintaih 
accuracy within 2 parts in 100 yet here is a case where they 
are performing successfully in an application which requires 
accuracy to be within 1 part in 1000. In this case the prob- 
lem was to supply 8 separate frequencies simultaneously for 
continuous laboratory and production testing. 

8 Standard -hp- model 200BR, Resistance -Tuned Audio 
Oscillators were mounted in a single rack and each set to a 
desired frequency. The Oscillators were then enclosed in a 

temperature controlled chamber which maintains operating 
conditions close to the ideal. The result: accuracy is main- 
tained to 1 part in 2000...which is 40 times better than the 
normal ratings for the oscillators, and even better than the 
strict requirements of the applications. 

-hp- Resistance -Tuned Oscillators require No Zero Setting 

and they have but 3 control dials on the panel. Their sim- 
plicity of operation makes for great speed in production 
testing with no sacrifice of accuracy. 

-hp- Engineers are ready and willing to assist you in any 
special problem. Just drop a note giving the details. There 
is no cost or obligation. Ask for catalog number 17A. 

Such performance serves to assure you of the dependa- 
bility of -hp- specifications. -hp- Instruments will always 
perform up to published ratings. 

HEWLETT-PACKARD COMPANY 
Box 877E . Station A Palo Alto, California .,7 
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CRYSTALS IF ® IRZ 11' IHI IE CRITICAL 

A HaLit With Us- 
HERMETICALLY SEALED 

ETCHED 
The engineers of the James Knights Company 

pioneered in the development' and manufacture of 
Etched quartz crystals. For some time now, we have 
been supplying quantities of these definitely better 

type crystals in hermetically sealed holders. 
James Knights Etched Crystals are available to improve 

the performance of your equipment. Catalog on request. 

BUY WAR BONDS FOR VICTORY! 

The JAMES KNIGHTS Co. 
LCRY5TAL5 SANDWICH, ILLINOIS 
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%bS 

INN 
gutHmAN _ 

113x%muU' Discrimination 

FREQUENCY MODULATION receivers require linear dis- 

crimination against undesirable signals. Guthman engineers have 

developed precise DISCRIMINATOR COILS to discriminate 
equally on both sides of the resonance curve, pro- 

viding maximum discrimination. 

DO YOUR BEST . . . 

INVEST IN WAR BONDS! 

CO. EDWIN I. GUTHMAN & I N C 

15 SOUTH THROOP STREET.CHICAGO 
PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT 

COMMUNICATIONS FOR AUGUST 1944 5 
www.americanradiohistory.com

www.americanradiohistory.com


f 
V 

IAMI 

ALI 

ESMERALDAS 
QUIT 

MANTA 
SALINAS 

TALARA 

CHICLAYO 

UAYAOUIL 
UENCA 

OJA 

° .,,.,,t ,o.+ 
.O4J A ,N ti, 

.. 4 l 40 
.Ñ o. ,.a 0dr o 

p b ä r 
P 

. Ó. p0 0 
,oti : < ! ±.Pfr`I 

O SUAREZ 
ORUMBA 

ANTOFAGASTA 

RIO DE JANEIRO 

* ALONG THE PANAGRA ROUTE 
is located AAC transmitting equipment 
at approximately 30 different points in 
Colombia, Ecuador, Peru, Chile, Bolivia 
and Argentina- forming the nucleus of 
the radio navigation and communica- 
tions system. 

Panagra is today primarily devoting 
its personnel and facilities to mainte- 
nance of aerial lifelines between the 
Americas, across which are speeding 
men, mail and materials vital to the suc- 
cess of the democratic war efforts. 

TODAY, the skill and ex- 
perience of the AAC Elec- 
tronics and Hydraulic Di- 
visions are devoted to serv- 
ing a fighting America. 
However, AAC engineers 
are planning ahead for the 
great peacetime future 
when new and improved 
AAC products will be ready 
to meet postwar needs. 

(Right) Type 500 Trans- 
mitter as designed by AAC 
for Panagra. Consists of 
multi -channel transmitting 
equipment, 1,000 watts 
each channel. Two chan- 
nels may be operated simul- 
taneously. Telephone and 
telegraph transmission. Fre- 
quency range 250 -550 KC 
and 1500-12000 KC. 

MENDOZA 

41C¢ BUENOS 
AIRES 

Twriartd 

Q- PRESIDENT 

AIRCRAFT 
Manufacturers Manufacturers of PRECISION 

Burbank, Calif. Kansas 
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E AND 0TH ER COMMUCATIONS UIPMENT Q 

Dependable Operation Of Airlines And 
Various Communication Services 

- 

Today, AAC transmitters and other AAC communications equipment play a 

vital part in dependable operation of warplanes on the fighting fronts, as well 

as airlines serving the war -busy Americans on the home fronts. 

AAC Electronics Division has won distinctive leadership as one of the 

country's large producers of radio transmitting and receiving equipment. One 

outstanding example of AAC communications engineering is the equipment de- 

signed and built to meet the specified needs of Pan American -Grace Airways, Inc. 

Consisting of a multi -channel 1,000 watt transmitter, this equipment is used by 

Panagra for radio homing and communication purposes. It represents one of a 

complete line of transmitting equipment for use by airlines or services having 

similar communication needs. 
At the present time practically all AAC facilities are devoted to war produc- 

tion. However, your inquiries are welcomed now for commercial equipment which 

can be supplied in limited quantities if adequate priority ratings are available. 

AAC products in transport planes, cargo carriers, troop ships, bombers . . . 

airport traffic net, police or other services where communications are crucial, can 

be depended upon as expertly engineered and built to the most efficient perform- 

ance standards. 

Products of ELECTRONICS DIVISION 
TRANSMITTERS AIRCRAFT 8 TANK ANTENNAS QUARTZ CRYSTALS RADIO TEST EQUIPMENT 

(Below) Panagra airliner delivers important 

(44 cargo of mail and passengers. 

CCESS OR ¡ES IORPORATION 
NkI RC RAFT EQUIPMENT HYDRAULICS ELECTRONICS 
05- Kans. New York, N. Y. Cable Address: AAC PRO www.americanradiohistory.com
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27A 
(3-100E3)' 

27A 
(3-1o0G3)' 

I5E 
(3-1SA3)* 

S3A 
3-501)4)# 

Here are $special purpose 

um Tubs originated, develop 
d qunnti,roduced by Eimac 

during the àstiew years 

he desi as on these tub á_ ew Eimac 
ers which are descriptive he tube 

characteristics. For example (3- 100G3) ., first 
digit 3 indicates triode, the figure 100 inch 
plate dissipation, the letter "G" indicates physic 
type and the last digit 3 is a code indication of 
the rnu of the tube. 

Get Your Copy of Electronic Telesis -- 
a 64 page discussion of the fundamentals of electronics, 
written in layman's language - fully illustrated, Yours 
without obligation, 

527 
(3- 300G4) * 

EITEL- McCULLOUGH, INC., 882 Son Mateo Avenue, San Bruno, California 
P #ants locátrd a}: Son Bruno, Colifarnia ï` and Salt Lokft CRY, Utah 
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oil to Match iiupedaace 

adDifribute Power 
PA7ED IMPEDANCE f 

Speaker Systems tOtÏd 
1 1 i : SPEAKER IMP. 

AT aoo 

FREQUENCY, CYCLES PEP SEC 

Here is Number 2 in the series of practical, instructive 

Maograp1is prepared by 'the Jensen Technical Service Department. The title, "Impedance 

Matching and Power Distributign in Loud Speaker Systems," suggests the scope and 

treatment of a subject ill which everyone concerned with loud speakers and the 

reproduction of sound, is vitally interested. Q The reading material is supported by 

twenty -eight drawings and tables. More than a score of questions are described, 

illustrated and solved. One of the problems is that of a comprehensive sound system 

for a military installation. ¶ Like Monograph Number 1 - "Loud Speaker 

Frequency- Response Measurements " - Number 2 is offered by JENSEN in the interest of 

improved sound reproduction. Get either copy, or BOTH, from your jobber or dealer, or fill out 

the coupon and mail it with 25c for each book, to: 

I PEDANCE MATCHING nd POWER DISTRII }IJTION in 

L UD SPEAKER SYSTEMS. The second of a val i ble and 

im ortant series of treatise on the selection, ins ! llotion 

an operation of loud spec rs. 

FRE to men in the Armed Srvices and to Libraries, and 
Tech ical Schools. ®® engen 

RADIO_MANUFACTURING COMPANY 

6617 SOUTH LARAMIE AVENUE 0". 
CHCAGO 38, ILLINOIS Q N CoMQp 

.00.# ZV ;,,,,c pNSp.1 ; 
SEN oet D;gub 

teR`e°51 

'bb 309°39 ``c`Scting 
t,a 

es4pP5 
1.4% 

b°Ok 
ta¢tea 

,tnP aSp ak SFte4 na 2 
A 

Ot 
e0 --- -" 

Ltio J Seeot 
botb 

g 

eck °n 
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wúKOE 

(YOU FILL IN THE DATE) 

Think of it! You as a civilian have the power to decide when the war will end. 
Use that power to the utmost -NOW -by 
1. Buying war bonds to the limit of your capacity. 
2. Working harder, longer, and uninterruptedly turning our implements of 

war. 

3. Donating your blood to the Red Cross to save lives on the battle field. 
1. Collecting waste paper and other scrap for which the government is 

asking. 

5. Avoiding black markets as you would the plague. (Black markets cause 
the plague of inflation.) 

All of these are weapons of war -weapons that strike terror in the hearts of 
our enemies. Use them. 

We, the management and employees alike, 
at Kenyon, are building better transformers 
than we ever built before -and building them 
faster for the armed forces. 

THE M.4RK OF EXCELLENCE 

KENYON TRANSFORMER CO., NEW U.S.A. 

10 COMMUNICATIONS FOR AUGUST 1944 
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1n/e/ir Ultra High Free 
grency Coaxial Cb le 
developed and atawrJac 
bred by Federal, b 
extreme rrggedwess sr 
meets all spec,frl,oat 
with prec,sion, arrarac 
rss,Jor,Nity and dept 
b, /,NT, 

fi' r". 

FEDERAL HAS DEVELOPED 

THE FIRST NITROGEN PURIFIER 

No oxidation, no contamination, scientifically controlled atmos- 

no moisture! phere of automatically mixed ni- 

trogen and hydrogen. 
Another Federal First adds extra 
performance guarantees to FTR 

vacuum tubes. 

In a corner of the new FTR tube 

plant is this automatic nitrogen 
purifier. During the process of 

sealing the anode to the stem . 

the elements of every FTR tube 

are now protected from oxidation, 
contamination and moisture in a 

Here is another reason why you 
get higher operating efficiency 
and still longer life when you use 

FTR tubes. Another evidence of 
the ability, brains and technical 
onderstanding which have earned 
the reputation that "Federal al- 
ways has made better tubes." 

Now is the time to know Federal. 

PdPra1ee phono and Radio Cor p o ratlon 
Newark 1, N J. 

INVEST IN THE FUTURE-BUY WAR BONDS 
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NOW! A WORKING MODEL OF GATES 
POST -WAR TRANSMITTER DESIGNING 

MODEL 1D 

ONE KILOWATT 

BROADCAST TRANSMITTER 
An Example of How (sates Wartime Develop- 
ments Create Higher Efficiency at Lower Cost 

Here is "tomorrow's transmitter - completely engi- 
neered today!" Combining these important features: 

Low initial tube cost 
Low operating cost 
High fidelity performance 
Extreme accessibility of all components 
Modern, streamlined design 
Extremely easy to install 
"Easy- view" meter panel 

few: lsatrs Is r.+ud) for ) our post -war rqulpmeat 
Wends. This new, 1000 watt transmitter Is cornplrtdy dralgued and operating under rigorous conditions 

. read) for pust -war dell.ern. The Model ill 1s de..lgued as a commercial broads-sad transmitter. but is &so assailable. on special order, for high frequency 
operation up tu !O ruegur, ries, You can order now with confidence, knowing that Gates haft taken ud- tontnge of terry wartime engineering udsancement 
In dr,Igning this efficient und eeununticu1 tram, miller. 

Ma. .re teed you details regarding the Catea 
Priority System /or pon.pt potwor eieliwr,p 

WRITE TODAY FOR COMPLETE, 
ILLUSTRATED TECHNICAL BULLETIN 

A/aas/«r 

Ilodel ID - loon 
watt Transmitter. 

sill front clew 
and close -rp of 
Iront top with 

doors open. 

U srtime restrictions do not How the sole of new broadcasting equipment without priority. This equipment is pre %ented merci. to cquint Iou with Gates developments. 

RADIO and Supply Co. 
QUINCY, ILLINOIS, U. S. A. 

I Radin Boedrast Truswtrtttt Speech Equipment. Retardiert 4»grains and Allied t q .p ieat .n the £Mebesies field. 
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but Full Capacity Production at G. I. 
All in all, industry did, and is still doing, 

a grand job - has rolled up a stupendous 

record of accomplishment in the past four 

years. But, looking back, we can see errors of 

procedure which made the going tough in 

spots, obstacles that retarded progress. 

These conditions were due to confusion and lack 

of experience in the drastic conversion from 

civilian to war production. Our industry can 

well profit by these mistakes as we make 

the transition back to peacetime activity. 

We at G. I., anticipating WPB's recent Go -Ahead 

signal, have readied definite plans - plans 

which will enable us to swing into capacity 

execution of post -war assignments the instant 

our facilities are no longer wholly required 

for the supplying of military equipment. 

GENERAL INSTRUMENT CORP. 

OUR WARTIME JOB has been 

the Volume output of variable 

condensers, many with circuit 
applications never before pos- 

sible, wired assemblies, auto- 

matic tuning mechanisms, etc. 

829 NEWARK AVENUE, ELIZABETH 3, N. J. 

,nduslrY '0442 

tt ' 
`¡E_ 

_ a 

1M1 

OUR PEACETIME JOB will be 

to produce such precision in- 

struments, featuring new de- 

signs, innovations and im- 

provements, for civilian use 

in the fields of electronics and 

communications equipments. 
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PR 01111C 
P T ,1B f WILL BE USED BY GI 10 

When GI Joé takes off his helmet, le will still 
remember many of the things he is earning in 
the Army. As a radio operator, he u es Pano- 
ramic reception for effective monitoring and for 
catching tricks in enemy field communications. 
He recognizes its value for peacetime p s well as 
for wartim4. On the basis of military experience, 
he will wajit to make use of Panoramic recep- 
tion for many more pleasant hours at his own 
rig. Because it SHOWS ALL SIGNALS ONE A GIVEN 
LAND O6 THE RADIO FREQUENCY SIrECTRUM 
SIMULTAÑEOUSLY. GI Joe knows that Pano- 
ramic réception will tell him what statións are 
on the air, whether they are phone or CW, 
and whát their signal strengths are wh n 

WITH HIS "HAM" RIG 

they reach him. Most import 
he can be sure that he will miss 
very few calls in response to 
his CQ's. 
Currently, Panoramic reception 
also is doing good work in labora- 
tory development and industrial 
applications. Its ability to measure, 
interpret and compare variations in 
inductance, capacitance and resistance 
has created possibilities that are being 
utilized by far -sighted manufacturers. If 

Panoramic technique can be adapted to 
your present or future needs, ask our 

engineers for more detailed information. 

f1 /, JOE,/ 

i 

ROIO CORPORATION 

/4 (OMMUNIÇATIONS FOR AUGUST 1944 
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THREE 
RE- CONVERSIONS 
ARE BETTER 

THAN ONE 

HOW TO AVOID WAR 

CONTRACT "STYMIES" ON 

POST -WAR PRODUCTION 

Lewyt offers a solution of thin 
problem to a manufacturer who 

"fits" into our schedule. Per- 
haps we can plan now to assist 
with your electronic, electrical 
and mechanical parts produc- 
tion, or complete assembly, 
chassis and housings. Write for 

48 -page illustrated book, "Let 
Lewyt Do It ". No cost or ob- 

ligation. Consult Thomas Reg- 

ister for Lewyt listings. 

LEWYT CORPORATION 

75 BROADWAY B'klYn II, N. Y. 

Twice we've experienced readjustments from peace to war and back again. 

We've carried on through lush times and lean times, booms and depressions 

and every kind of business cycle. 194 -? will be our third re- conversion. 

American Industry drafted us by their own selective service act to fight 

their parts- production battles 53 years before Pearl Harbor. We've been 

in thousands of engagements ... we've employed every known strategy . . . 

and some secret devices of our own ... to defeat high production costs. 

War -born companies of the 1940's have had no experience with peacetime 

invasions on competitive - cost strongholds. When " C -Day," comes the 

Conversion Casualty List will be high among sub -contractors brought up 

in the "Cost -Plus School" of production. 

Lewyt is not a war baby. Lewyt is a "Manufacturer's Manufacturer" with 

56 years' experience devising less costly methods of making things better. 

Lewyt has the peacetime production ability you need. Maybe we can't 

figure on your re- conversion manufacturing problems now. But we can 

quote on WAR BONDS. They start at $18.75. 

LET I.EWVT DO IT 
COMMUNICATIONS FOR AUGUST 1944 1S 
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WRITE TODAY! 

GET ACQUAINTED 
NOW WITH THE 

RESISTORS OF 
TOMORROW! 

HERE'S THE LATEST DATA.. 
on the most up -to -the- minute resistors 
Time and again, during the past seven 
years, Sprague Koolohms have demon- 
strated convincingly their ability to 
handle jobs that old- style, conventional 
wire -wound resistor types could not 
handle satisfactorily. 

One after another, they have proved 
their superiority in practically every 
essential characteristic - from faster 

/i 

heat dissipation with resulting use up 
to full rated wattage values, to better 
performance under humid conditions. 
Whether for war use today, or for 
greater efficiency for your post war 
product tomorrow, it should pay you 
to become fully acquainted with this 
remarkable resistor development. 
Write for this big new catalog today! 

Resistor types in this new 
Wire -wound power types, 5- 
to 120 -watts. Inductive and 
non -inductive. 

Hermetically - sealed wire - 
wound types, 10- to 120- watts. 
Wire -wound bobbin types. 

catalog include: 
Voltage divider sections, 10 -, 
15- and 2 5- watts. 
Hermetically- sealed precision 
meter multipliers resistors. 
Megomax hermetically- sealed 
high- voltage, high- temperature 
resistors. 

SPRAGUE ELECTRIC COMPANY, Resistor Division (Formerly Sprague Specialties Co.) NORTH ADAMS, MASS. tM . 

(. SPRAGUE 1U/j\ if MI RESISTORS 

The Greatest Wire -Wound Resistor Development in 20 Years 
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TRANSFORMERS 

9901/ttll 

T 

Control of all stages of production is the watch- 
word at Consolidated Radio Products Company. 
That is why Consolidated's products can be de- 
pended on for quality, high efficiency, consistent 
performance and long life. International acceptance 
is the result of such high standards of production. 

* ' =_ _- - 

/T1;r/ e li itht< awe/ /.itylitic (Yinfices 

ONSOLIDATED RADIO 
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History of Communications Number Seven of a Serie. 

EARLY COMMUNICATIONS BY AIR 

While electronics use the ether and other media, one of the most speedy 
methods of communications in the early days was through the air b 
carrier pigeon. With a finely printed note fastened to the leg, these birch 

faithfully reached home to bring in the latest news events and stoci 

market reports. 

Today news commentary reaches into your homes in a flash of a secon 

via electronic voice communications making use of the .various types of 

Universal broadcast microphones. This being a modern age, the battl( 

front is brought into the homes of the informed peoples of the democ 

racies via military microphones such as those now being manufacture( 

by Universal for the Allied Armed Forces. 

< Model 1700 -UD, illustrated at left, is but one 
of several military type microphones now avail- 
able to priority users through local radio jobbers. 

UNIVERSAL MICROPHONE COMPANY 
INGLEWOOD, CALIFORNIA 

FOREIGN DIVISION: 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANADi 

18 COMMUNICATIONS FOR AUGUST 1944 
www.americanradiohistory.com

www.americanradiohistory.com


These Solar Capacitors 

SERVE 

THE 

SERVICES 

)> o you can see what they look like, 

dthey stopped to have their pictures 

rtaken, before going to war. They 

pwill serve with the Signal Corps, the 

'Navy, with Ordnance vehicles 

and tans; they will enable the 

Marines to tell it to each other; 

they will drop with paratroopers; they will visit 

every climate on the earth and will climb with the 

Air Force, above climate; they will win many merits 

even though they never wear them. Principally, they 
edr 

,b`, want you to remember, they will render an assist in the 

úds saving of many lives, - through reliable communications. 
:or 

Their story is told in pictures -- including many 

,00d official color photographs of troops in action ... in a 

eSO' 40 -page book "Solar Capacitors ... in the War . . . 

at in the Peace." Just fill out and mail the coupon. 

SOLAR MANUFACTURING CORP. 

285 Madison Avenue, New York 17, N. Y. 

Please send me your 40 -page booklet 
"Solar Capacitors ... in the War ... in the Peace" 

Name 

Street 

City State 

CAPACITORS & 
I M-O-S TAT S 
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CENTRALAB'S 
CERAMIC 

TRIMMERS 
are easily ad- 

lusted by 
means of a 

screw driver. 

Producers of Variable Re- 
sistors Selector Switches 

Ceramic Capacitors, 
Fixed and Variable 
Steatite Insulators. 

L 

Division of GLOBE -UNION INC., Milwaukee 
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PLANES ARE FLYING 
J BY WILCOX COMMUNICATIONS 

e major airlines of the nation - and military aircraft of the United Nations 

ave dependable radio communications. Today, Wilcox Aircraft Radio, Communications 

Receivers, Transmitters and other advanced radio 

equipment are serving on the home front and on 

!the war fronts over the globe. For reliability . 

look to Wilcox now and in the years ahead. 

M a n u f a c t u r e r s of R a d i o E q u i p m e n t 

COMMUNICATIONS FOR AUGUST 1944 2I 

WILCOX ELECTRIC 
COMPANY 

Fourteenth 8. Chestnut, Kansas City, Mo. 
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Brush Crystal Headphones are continuing their fine 

records of performance in all branches of service. 

1. Crystal Operated -no mechanical adjustments. 

2. Non Magnetic -no external magnetic fields. 

3. High Sensitivity -ideal for multiple applications. 

4. High Impedance -does not load line. 

5. Wider Range -clarity at all frequencies from 100 to 10,000 C.P.S. 

THE BRUSH DEVELOPMENT COMPANY 
3 5 0 3 P E R K I N S A V E . C L E V E L A N D 14, O H I O 
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VISUAL 

Clean cut mechanical nicety literally radiates 

from these UNITED mercury rectifiers. It is only 

natural that their eye appeal impresses the exact- 

ing minds of so many government and commercial 

engineers. 

TEST 

The physical ruggedness and sterling workman- 

ship in these tubes reveal the kind of care and 

precision that has entered into the electrical phases 

of their design. They are criterions, rather than 

ordinary conformers to the constantly stiffening 

Army and Navy test specifications -both mechan- 

ical and electrical. 

SERVICE RECORDS 

Representative service records- maintained over 

a period of 10 years by large users prove an aver- 

age of many thousands of hours satisfactory oper- 

ating life. 

THERE IS NO SPECULATION IN CHOOSING UNITED 

MERCURY RECTIFIERS 

TEELE 967 

MERCURY RECTIFIERS 

UNITED ELECTRONICS COMPANY NEWARK 2, N. J. 

Transmitting tubes exclusively since 1934 

The UNITED types illustrated will interchange 
with and replace other type tusses as follows; 

USE UNITED TYPE 467 to replace rG -17 
. !t 972 " 872-A 

. UX -973 
" 473{hs'nt iffystrafed)`873 
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Meeting time Requirements et Television, 

I'M, a na Critical E1ectionìc Tarct1ons . . . 

, til-T IV1u CY 

ed for ultra -high- 

es 1860 and 1865 capacitors ate design transmitting 

atticulatly in television and FM 
acing at 

frequency applications p 
ass, block- 

ing 

ment. and also tot critical electronic 
fixed Yuning bY'p 

equipment, 
Readily adaptable or use 

Lin , neutralizing and antenna -series n d sulphur dielectric 
ing. coupling hl to 

Losses ate extremely low due to the 
u unique design and construe" 

used. Corona losses 
aareiavoided sulaie te2m'nal. fiequetr 

lion, grounded case, 
into the higher operating 

uitementsteachue 
ovoxU HF capacitors. 

When your teq 

cies, just beat in mind these two A 

R AT VRE 
WRITE FOR LIT >E 

Type 1860 (see photo and above 
drawing) has suitably plated brass 
terminal mounted in mica insulat- 
ing plate. Dimension A is from 2 
to 3' /z" 

10,000 test volts eff. .00001, 
.000025 and .00005 mid.; 5000 v., 
.00005 mfd. 

Catalog lists maximum current in 
amperes at operating frequencies 
from 1000 KC. to 75 MC. max., for 
both types. 

Type 1865 (no photo, but see draw- 
ing above) differs in the use of 
cast -aluminum case and steatite 
insulator to support terminal and 
withstand higher voltages. Dimen- 
sion A is from 2 -11/16 to 6- 11/16 ". 

Tolerance for both types, plus/ 
minus 10% standard. Available in 
closer tolerances. Minimum toler- 
ance, plus /minus 2 mmf. 

INDIVIDUALLY TESTED 

AEROVOX CORPORATION, NEW BEDFORD, MASS., U. S. A. SALES OFFICES IN ALL PRINCIPAL CITIES 

Export: 13 E. 40 ST., NEW YORK 16, N. Y. - Cable: 'ARLAB' In Canada: AEROVOX CANADA LTD., HAMILTON, ONT. 
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ELEVEN 1st PRIZE WINNERS 
IN 5 MONTHS IN CONTEST #1 1 

Yes sir, guys, the hundreds of letters 

received were so swell that double 

first prize winners had to be awarded 

each of the first four months and 

there were triple first prize winners 

the fifth and last month . . . 

SO - HERE WE GO AGAIN! r 
"# 

Get in on this NEW letter contest - 
write and tell us your first hand experiences with all types of Radio Communications equip- 

ment built by Hallicrafters including the famous SCR -299! 

RULES FOR THE CONTEST 
Hallicrafters will give $100.00 for the best letter received during each of the five months 

of April, May, June, July and August. (Deadline: Received by midnight, the last day of 

each month.) ... For every serious letter received Hallicrafters will send $1.00 so even if 

you do not win a big prize your time will not be in vain.... Your letter will become the 

property of Hallicrafters and they will have the right to reproduce it in a Hallicrafters adver- 

tisement. Write as many letters as you wish. V -mail letters will do.... Military regulations 

prohibit the publication of winners' names and photos at present ... monthly winners will 

be notified immediately upon judging. 

hdIIîcrdfIPr5 RADIO 
BUY A WAR BOND TODAY! 

THE HAtLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
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agoat 
MOLDED PAPER CAPACITORS 

MOLDED PAPER VERSUS MICA CAPACITORS 
-wartime equipment has definitely proven the ability of Micamold Molded 
Paper Capacitors to function satisfactorily in by -pass, coupling and filter applica- 
tions above .001 mfd. As strategic mica is scarce, Micamold Molded Paper 
Capacitors not only fill the breach but materially assist in maintaining the flow 
of equipment to the Armed Services. 

MOLDED VERSUS METAL HOUSED PAPER CAPACITORS 
--here again Micamold Molded Paper Capacitors serve as adequate alternates for 
capacities of 75 mfrs or less As compared to metal encased pace_ capacitor ., t 

plastic molded types save space, weight and cost. 
9r 

IN BOTH CASES ea( 

for 

-considerable economies in time, labor and materials have resulted. Manufac. 
Th turers who utilize Micamold Molded Paper Capacitors instead of mica and metal 
ha, 

housed paper types can effect substantial savings in their own production. 
the 

Manufacturing facilities have been further increased ... 1h 

prompt deliveries of large production quantities. itr 

IF YOU HAVE A CONDENSER DESIGN PROBLEM, CALL ON MICAMOLD .. . 
we design and build molded paper and mica, oil and electrolytic capacitors for all 
radionic and electrical applications. We will be glad to cooperate with you on 
any project ... for war or postwar assignments. 

NO LET -UP AND 
NO LET-DOWN .. . 

KEEP BUYING MORE 

WAR BONDS 

MICAMOLD RADIO CORPORATION 
1087 FLUSHING AVENUE BROOKLYN 6, N. Y. 
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on the air 

Before they can earn their right to go to work 
in your broadcast transmitter, RCA tubes must pass 

a cleanliness test that would make á small boy squirm! 

For example: 
When the many small parts that go into such a tube 
are being formed and assembled, they are bound to pick up 

a certain amount of "factory" grease and oil. 

But even after we have removed all visible traces 
of such foreign matter from them physically and chemically, 

we clean them again by vacuum firing to drive off 

any gases which may have been absorbed 
by their metal surfaces ... gases which might otherwise 

be released while the tube is actually operating 
and so cause it to fail prematurely. 

To drive off such metal- absorbed gases, identical parts 

for several tubes are placed together in a glass chamber 

where they are alternately heated by high -frequency 

induction and allowed to cool, while high- vacuum pumps 

continually remove gases and vapors from the chamber. 

By cleaning only identical parts together, 
each part receives the one best treatment 
for its individual size, shape, and construction. 

Then, when the pre -cleaned parts for each tube 

have all been assembled in the "envelope," 
the tube is given a final heat -and -exhaust treatment. 

This is only one of the many examples of RCA's extra care 

and manufacturing "know how" that have made 

RCA Transmitting Tubes the standard of comparison 

in the broadcasting industry. 

The Magic Brain of all electronic equipment is a Tube .. 
and the fountain -head of modern Tube development is RCA! 

BUY MORE WAR BONDS 

CAMDtN, N. 

LEADS THE WAY.. In Radio . .Television ..Tube 
Phonog ctronics 
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A I'KLCISION LABORATORY 1NSTRUMEN 

FEDE 
U.H.F. 
SIGNAL 
GENERATOR 

MODELS 

&04 -051 

also 804 -CS2 

FOR MORE DETAILED INFOR- 
MATION WRITE TO DEPT. C -8. 

PRICE 

$350.00 
F.O.B. FACTORY 

Carefully and difficultly acquired experience enabled Federal produce more Ultra High Frequency Test Signal Generators tha were ever thought possible -and quickly, too. 
Breaking the tightness of demand by the Army and Navy, these high' quality laboratory precision instruments are available to research laboratories and industrial manufacturers engaged in the production of electronic equipment. 

Your inquiries are invited. 

CARRIER FREQUENCY RANGE: 7.6 to 330 megacycles plus or minus 2 %, direct -reading in 5 bands, 6th band available for use with blank coil form supplied. 

OUTPUT VOLTAGE RANGE: Calibrated Attenuator continuously variable from 1 to 20,000 microvolts, accuracy plus or minus 10 %. 

MODULATION: Internal Modulation 1,000 cycles; external modu- lation up to 20,000 cycles; 0 to 60% direct -reading modulation meter. 

STRAY FIELD LEAKAGE: Held to a minimum by improved shielding and R.F. Filters. 

VIDEO OR PULSE MODULATION: Can be pulse modulated ex- ternally with signals having very steep wave fronts. 

VOLTAGE REGULATED POWER SUPPLY: 115 or 230 volts, 40 to 
60 cycles, single -phase. 

Manufactured by arrangement with the General Radio Company of Cambridge. Massachu- setts, and in accordance with their designs. 

SOU GENERATOR 

FOR THE FOURTH TIME 

BACK THE 

INVASION - 

KEEP BUYING 

MORE WAR BONDS 

Manufacturers of Federal Photographic Equipment and federal Electronic Devices 

BROOHLYII 5 VELU YORH 
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NE CAN'T BUY 'EM - SO WE. BUILD 'EM 

rtow eaeí'C e requires tools and dies 

of exceptionally close tolerances. So to meet our standards 

we make our own. 

That's doing it the hard way but it's worth it. For now 

we have a tool and die manufacturing plant second to none 

in precision, accuracy and general excellence of product. 

It's an organization of skilled tool makers, none with less than seven 

years experience. These expert craftsmen work with the best equipment and 

the finest materials. It is a big plant with a capacity many times our ordinary 

needs. But this production margin means better tools, more efficient ma- 

chines, replacements long before exhaustion and thus, of course, connectors 

we're proud to identify with the Cannon trade mark. 

CANNON ELECTRIC 
Cannon Electric Development Co., Los Angeles 31, Calif. 

Canadian Factory and Engineering Office: Cannon Electric Co., Ltd., Toronto 

Representatives in principal cities - Consult your local telephone book 

Cannon AN Bulletin free on 
request. Address Dept. A -121 
Cannon Electric Develop 
ment Co., 3209 Humboldt 
Street, Los Angeles 31, Calif. 
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eaidlo,.. 
4i( ,,ie 

4941 YOUR MY ROIL PLAN 

Pause one brief moment. Compare your lot -and 
that of the men and women in your employ -with 
the lot of the infantrymen who meet the enemy 
face to face, who do the hardest fighting, who 
suffer the most casualties. 
Let the full impact of war's unending grimness 
swiftly convert any tendency toward complacency 
into revitalized urgency. Remember -the war is 
not yet won. 
As top management and labor, you've been en- 
trusted with two major responsibilities -steadily 
maintained production, and steadily maintained 
War Bond Sales through your Pay Roll Savings 
Plan. 
Decide now to revitalize your plant's Pay Roll 
Plan. Have your Bond Committee recheck all 
employee lists for percentages of participation 
and individual deductions. Have Team Captains 
personally contact each old and new employee. 
Raise all percentage figures wherever possible. 
Don't underestimate the importance of this task. 
This marginal group represents a potential sales 
increase of 25% to 30% on all Pay Roll Plans! 
Your success will be twofold: A new high in War 
Bond Sales; and a new high in production. Be- 
cause a worker with a systematic savings plan has 
his mind on his work -not on post -war financial 
worries. He's taking care of the future now. His 
own. And his Country's future. Help him! REVI- 
TALIZE YOUR WAR BOND PAY ROLL SAVINGS PLAN. 

8O 
Q The Treasury Department acknowledges with t' 

U) / appreciation the publication of this message gad . age by 

Official U. S. Coast Guard Photo: The elevator to a Coast 
Guard -operated transport hospital 

SELL MORE THAN BEFORE! 
COMMUNICATIONS 

This is an official U. S. Treasury advertisement- prepared under the auspices of Treasury Department and War Advertising Council. 
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POWERFUL illiEWIDE PROTECTION 

1/4---- 

F-M 3-Way 

Radeadeidetoge Stem 
lorida's long shoreline presents unusual police pro- 

ection problems. Instant, efficient and economical 

rotection is vital. Now with 1 7 Central Headquar- 
er Stations equipped with Motorola F-M 3-way 

adio and 93 patrol cars with two way radiotele- 
hone service, Florida has all the protection it needs. 

Instant communication with any patrol 

car in any part of the State is obtained with needless 

cruising cut to a minimum, conserving personnel, 
tires, gas and automotive parts and repairs. Let us 

show you how your State, County or City can also 

obtain a complete Motorola police radiotelephone 
system designed precisely to solve your problem. Our 
installations are standard in many states. 

Write or phone for full information today 

GALVIN MFG. CORPORATION CHICAGO 51 
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THE HAMMARLUND MFG. CO., INC., 346 4m ST., N. Y. C 
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIP 
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COMMURUICATIIONS 

* 

LEWIS WINNER, Editor 

A U G U S T, 

right. a ground test installation (see Figure 2). The whip antenna 
aced aft of the automatic radio compass streamlined loop is the 

nse antenna. The forward whip antenna during flight is used with 
e range receiver. During the ground radio compass test, it is 

d to connect the test oscillator to an external point where the 
ne" may be attached. The red flag attached to transmission line 
a warning that precludes oversight of removing the "line" before 
parture. The external battery located in the cart shown beneath 
e plane is used for ground operation of radio equipment and its 

purpose is to conserve the plane's batteries. 

RE- FLIGHT 
Automat 

1 9 4 4 

External view of test oscillator. 
Located on the panel is the power 
"on -off" switch and r -f output jack. 
Clip shown at top left of case is used 
to attach oscillator unit to a bulb 
angle channel during test. Over -all 
case dimensions, excluding the clip, 

are 6%" x 5" x 21/4". 

I 

INSTALLATION TESTS of 

ic Radio Compasses 
HE purpose of the test proce- 
dure described in this paper is 

to facilitate an adequate pre - 
ight check of an automatic radio corn- 

ass.' This test refers to that of the 
erall operational check of the corn- 

leted radio compass installation 
board the aircraft. The individual 
est of each component is periodically 
lade in the screen room. During the 
)re -flight check, should malfunction of 
he compass be apparent, it is neces- 
sary to determine whether the troubles 
re due to the equipment itself or 
fetal objects near the aircraft. 
During flight the radio compass is 

BRONAUTICAL COMMUNICATIONS 

by CHARLES W. McKEE 
Supervisor of Aircraft Radio 

Eastern Air Lines. Inc. 

This paper describes procedures used to make 
an overall check of an automatic radio compass 
installation aboard a plane. A test oscillator 
and the use of a left /right indicator meter to 
afford a means of comparison for calibrating 
oscillator output to the transmission line for e 

given µv /m field strength is described. A brief 
analysis of ground -effect symptoms that parallel 
those exhibited by malfunction of equipment is 
also presented. The purpose of the check pro- 
cedure is to obviate these ground -effect condi- 

tions and to simulate in -flight conditions. 

subjected to certain factors that intro- 
duce bearing errors. Such errors are 

caused by various loop current effects. 
Their phase and magnitude are de- 
pendent upon shape and relation of 
metal aircraft structure.' For a nor- 
mal radio compass installation on a 
given aircraft these bearing errors 
possess a constant characteristic 
therefore, compensation can be applied 
for the necessary correction This is 
not always true when aircraft is on 
the service ramp or in the hangar. 
Under these conditions, radio bearings 
will usually present an error which 
may be plus or minus, a negative 
angle,* and it may possess 180° am- 
biguity. The errors may be quite vari- 
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Figure I, below 
One method of installing the oscillator and transmission line for a pre -flight check of the automatic radio compass installed 
on aircraft. The oscillator is clamped to the metal pitot tube. The line is suspended on a center line with the loop antenna and connected to the aircraft metal structure which completes the test loop circuit. Because the action is that of a transmission line, it is imperative that a good electrical ground connection (to airplane structure) be made at points 

marked G. 

able due to metal objects in the im- 
mediate vicinity of the aircraft, such 
as work platforms, racks, ladders, 
carts and hangar structure. In addi- 
tion, a grounding wires attached to the 
wing or landing gear will in some 
cases result in giving bearings of 180° 
ambiguity or other erroneous bearings. 
(No test was made to determine the 
effects in this respect of graphite im- 
pregnated landing gear tires.) Bear- 
ing ambiguity may also be caused by 
an external battery cart cable placed 
adjacent to the sense antenna. A loop 
antenna located on top of the aircraft 
is not as susceptible to ground effect 
errors. An exception is when the 
plane is in a hangar and the metal 
structure ceiling is near the top loop 
antenna. Location of the aircraft in 
the clear of metal objects will reduce 
these ground errors to a negligible 
degree (except when taking a bearing 
on a station located directly on or 
nearly so of the aft line of the aircraft, 
for tail -down condition). Time econ- 
omy during the servicing period of the 
aircraft does not always permit the in- 
the -clear location. 

One method devised to make the 
overall -radio compass operational check 
without the aforementioned adverse 
ground conditions effects is to use a 
test transmission line scheme.' The 
basic arrangement of such a plan is 
shown in Figure 1. The test oscil- 
lator consists of an r -f source that is 
fed to a transmission line or a so- 
called test loop circuit. The latter is 
formed by a line preferably placed 
longitudinally and spaced outward 
from the radio compass loop antenna. 

The term negative angle is applied to describe the condition where the normal angle of indication is displaced by an angle of equal amount on the opposite side of the center line 
of the aircraft. 
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TEST LOOP CIRCUIy- -. ;OSC. / -. 
rGROUND 

COMPASS 
\\ 

RETURN r ' \ 
ANT. 

/ SENSE/ tLEADIN 

[G" 
'LOOP 

LINE 

REAR 
WHIP ANT 

SENSE 
COUPLING 

FORWARD 
WHIP ANT. 

Figure 2 
Another method of forming a test loop circuit. Here the oscillator can be located within the aircraft during the ground check. This is feasible when another antenna is avail- able so that the oscillator output can be connected through the antenna lead in. Sense antenna voltage may be varied 
by adjusting capacity of sense coupiing lead a to trans- 

mission line. 

The line is not shielded and can be 
across any two fixed terminal points 
that will place the loop antenna center 
directly between line and the shield 
(ground) . Its corresponding azimuth 
angle is used as a reference. Should 
we find the amount of sense voltage 
incorrect, it is only necessary. to 
change the coupling between the line 
and the sense antenna. Thus an ex- 
cessive value of sense voltage will be 
avoided. 

It is important to have good electri- 
cal ground contact at the oscillator and 
the line terminating point to obtain 
normal transmission line function. 
When other than a line is used, the 

Figure 3 
Conventional oscillator circuit operating at 
300 kc to provide the r -f signal for ground 
test. V, is I E4G tube or equivalent; C, and 

.0001 mfd; C .002 mfd; and R 0.1 megohm. Inductance L is 3 mh, L, is one to two turns, coupling to the load, C. value 
is to be determined and depends upon the 

desired attenuation of r -f output. 

reception of the oscillator radiatic 
presents a possibility that bearing 
will be subjected to ground -effe 
errors. 

Certain antenna installations readi 
lend themselves to a more conveniell 
arrangement for a setup of the tran, 
mission line. One such arrangemer 
is illustrated in Figure 2. The te 
circuit line is formed by connectir, 
the test oscillator output to the fo: 
ward beacon -antenna leadin. Th, 
voltage will appear on the forwail 
whip type antenna when the antenr 
switch is in the beacon -antenna pos. 
tion. The loop circuit is completed Il 
use of a line attached to the forwat 
whip antenna. The other end of ti 
line is connected to ground (at a poil 
on the aircraft structure) through 
400 -ohm resistor. This is located 
the end of the line at the grounder 
point. The radio compass loop ar 
tenna is located within the test osci 
lator loop circuit. The lead desii 
nated a serves to introduce sense vol 
age from the test loop to the sent 
antenna. 

The oscillator, operating within th 
200 -400 -kc band, is used as a sourc 
of r -f. After the output calibration i 

completed and the second harmoni 
output is found to be of sufficier 
value, we have a check on the numb 
two band of the receiver. It is ne 
essential that both bands be checke 
because the compass loop, sense an 
autosyn circuits are common for bot 
bands. However, in case of interfer 
ence on the fundamental, the availabl 
use of the second harmonic is an ao 
vantage. The oscillator, for obvio 
reasons, was designed to be compact 
light weight and to include the powe 
supply. For sake of simplicity, ni 
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odulation is provided. This is per- 
il issible when a beat frequency oscil- 

T tor is included in the compass re- 
rµ, iver. 
nte. Shown in Figure 3 is a conventional 

;cillator circuit used for the test 
ted odel. For sake of compactness and 
Im mtnplicity, a fix -tuned type oscillator 
of á as used for the model to conduct the 

L :st to check this procedure. To avoid 
pu¢h dio interference, a clear channel 
red ithin the band was selected for the 
,uu .: ound location involved. To select 

frequency suitable for the test loca- 
on, we made provision for padding 
8, a 10 -mmfd padding condenser. 
his provides a decrease in frequency 

approximately 10 kc. An adjustable 
on -core inductor could be used in- 
ead of the condenser padding to af- 

our 
'et frequency change, and it would 

üou 
of necessarily add to space require - 
ients. A wide tuning range would 
ffect the r -f output of the test oscil- 
tor. Should this frequency change 
e great enough, it would cause a cor- 
esponding change in the oscillator 
utput level which would affect the 
:alibration. The oscillator metal case 
:onstruction provides access to bat - 
eries for check and replacement. This 
s important because accuracy is af- 

311 

3 

'ected when battery voltages are be- 
ow permissible limits. (The model 

I "ß escribed was found by actual, per- 
P° ornlance test to operate normally with 

1P , 

ot 

dei 

¢ 

Yio 
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Figure 4 
Circuit of 1/r test instrument and a section of 
the MN3 I compass relating to the test de- 
vice. Plug pins of PI and P3, one through 
nineteen, not diagrammed, are not inter- 
cepted in adaptor cable. They are con- 
nected direct, in accordance with MN3I 
circuit. Exceptions are the tapped circuits; 

13 and 15 pins. 

battery limits of B voltages, 45 to 35, 
and A voltages, 1.5 to 0.8.) These 
values were those measured under load. 
In connection with this subject, there 
is a point well known, but merits men- 
tioning; that is, the variations of the 
r -f oscillator output that can be toler- 
ated are dependent upon the receivers 
overall automatic gain control charac- 
teristics. A larger variation is per- 
missible without detrimental effects 
when operation is at the threshold (or 
knee) of the signal input versus 48 cps 
modulated output curve. Conversely 
the limits are very narrow when the 
oscillator signal level is of such value 
that it operates below the knee of the 
curve. 

An analysis of the involved circuit 
function of the l/r compass and auto- 
matic compass differences, will show 
that for a quantative comparison check 
in the field the oscillator output and 
transmission line coupling must not be 
excessive. This is because the gain 
of the loop amplifier stage of the auto- 
matic radio compass is controlled by 

avc rectified from the compass ampli- 
fier stage. It is factual that the linear 
relation between the l/r meter deflec- 
tion and signal input will flatten out 
at the point when the overall avc char- 
acteristics limits the 48 cps side -band 
modulation in the receiver. However, 
for general qualitative checks and fault 
isolation purposes the oscillator output 
and sense r -f coupling need not be 
accurately calibrated and a wider bat- 
tery voltage can be tolerated. 

Compliance with simplicity require- 
ments require the omission of an ad- 
justed type of r -f output attenuator. 
This of course eliminates attention that 
would be required for such an adjust- 
ment. Oscillator r -f output power is 

calibrated to a pre -set value within the 
required limits to give the approxi- 
mate ,.v /m field strength at the loop 
antenna as used in the screen room. 

The value used is that which is 

comparable to a minimum signal en- 
countered in service. 

The value of sense voltage intro- 
duced from the transmission line (of 
the test loop) is a function of the de- 
gree of coupling, referred to in Figure 
2. Relation of sense antenna voltage 
to the loop antenña voltage determines 
the degree of 48 cps modulation. A 
reference base for their relation is 

given as a field strength of 1,000 P.v /m 
at the loop antenna and a vertical an- 

(Continued on page 64) 
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FIXED MICA CAPACITOR 

I,000 

a 

100 

10 
10 

. NM iY nowrY losr.iri 

_.1.i '::.T:'.C:.': IYY\i. ÌÌ\Ì 
loo 1000 

CAPACITANCE, mmfd 
10,000 47000 

S 
l'ANDARD1ZATON of fixed mica - 
dielectric capacitors under Joint 
Army -Navy Specification JAN -C -5 

has brought about a changing supply sit- 
uation in which standard mica capacitors 
can -now be procured more easily than the 
non- standard units they replace. 

Anticipating the time when the majority 
of orders will call for standards, capacitor 
manufacturers have geared to standard 
types and are urging that all orders, 
wherever possible, be converted to stand- 
ards so that production facilities, made 
available through standardisation, may be 
utilized. 

Demonstrating the manufacturer's capa- 
bility of meeting the requirements of the 
mica capacitor standard, approximately 
75% of the industry's output is now 
backed by Qualification Approval. Addi- 
tional approvals are expected to raise this 

Figure I 

Capacitance and Q at I megacycle. 

percentage as qualification testing pro- 
ceeds. 

JAN Specification C -5, in addition to 
specifying general requirements, is actual- 
ly a comprehensive catalog of standard 
capacitors. The various physical and elec- 
trical sizes, each with its own standard 
type designation, are designed to meet 
practically all applications. The standard 

Limiting 
listed in 

Figure 2 

curves of temperature coefficients 
table I of pro JAN C -5 specifica- 

tion. 

Is not intended to cover the few cases 
where special values and tolerances are 
essential to the performance requirements 
of critical circuits. 

Case Sizes 

Standardization of physical sizes nab 
been achieved by establishing maximum 
dimensions for several case sizes : CM20, 
CM25, CM30, etc. (See voltage table for 
complete listing of CM numbers.) The 
dimensions for each are given in the de- 
tailed drawings of Specification JAN -C -5. 

Characteristics 

Requirements of the present war alctate' 
that military equipment must be capable 
of maximum performance at all times re- 
gardless of variations in climatic condi- 
tions. The war in the air-, at ever increas- 
ing altitudes, has brought about even 
more severe conditions. 

To meet the requirements for various 
grades of mica capacitors, letters have 
been assigned corresponding to the char- 
acteristics necessary for proper applica- 
tion. 

Characteristic A is usually satisfac- 
tory for most applications where tem- 
perature coefficient and Q are noti 
critical. The lower curve of Figure 1 

shows the minimum values of Q for A 
characteristic mica capacitors. 

Characteristic B is also satisfactory 
where a definite temperature coefficient 
is not essential but where a higher value 
of Q is desired. The upper curve of 
Figure 1 shows the minimum value of 
Q for characteristics B, C, D, E, F and 
G. Figure 1 does not apply, however, 
to those capacitors listed in the Standard i 
having specific r -f current ratings. 

Characteristics C, D, E, F and G are 
used in applications requiring definite 
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1IN THE ARMY -NAVY ELECTRONICS 

Standardization Program 
by GEORGE A. OSMUNDSEN 

limits of capacitance -change with tem- 
perature. The temperature coefficient in 
parts per million for each of the charac- 
teristics C, D, E, F and G are as fol- 
lows : 

01J COMPONENT DESIGN 

Charac- 
teristic 

D 
E 
F 
G 

Temperature Coefficient 
parts /million /degree C 

± 200 
± 100 
- 20 to + 100 

0 to + 70 
0 to - 50 

(parts per million per degree Centigrade 
may also be thought of as microlnacro- 

First Lieutenant, U. S. Signal Corps 
Assistant Chief Standards Application Staff 

farads per microfarad per degree Centi- 
grade) 

Silvered Micas 

Capacitor manufacturers are able to 
meet these higher requirements through 
the use of silvered mica, together with 
suitable aging processes to stabilize the 
capacitor at the desired characteristic. 
In general, mica capacitors have a posi- 
tive temperature coefficient ; that is, the 
capacitance increases with increase of 

Table I 

temperature. The negative characteristic 
G is available only in the larger trans- 
mitting types and is obtained through the 
use of ceramic dielectric sections in com- 
bination with mica sections. 

The mica capacitor temperature co- 
efficient chart (Figure 2) is a graphical 
representation of the temperature charac- 
teristics C, D, E, F and G. Parts per 
million per degree Centigrade have been 
converted to percentages corresponding 
to temperatures over the range - 40° C 
to + 85° C. 25° C is the normal or 
reference temperature from which all 
temperature changes are calculated. Thus 

(Continued on page 90) 

Voltage Ratings of Jan. Specifications C -5 Fixed Mica- Dielectric Capacitors 

Case 
Size 

CM20 
CM25 
CM30 
CM35 

CM40 

CM4.5 

CM50 

CM5S 
and 
CM56 
CM60 
and 
CM61 
CM65* 

CM70* 

CM75 

Capacitance mmfd 
DCWV 

Case 
Size From Above Up Tot 

510 
1000 
3300 
6200 

500 
500 
500 
500 

CM80 

3300 
6200 

8200 

10000 
8200 
10000 

300 
500 
300 

1800 2500 
1800 3600 1200 CM85 

2000 

3600 10000 
5100 

600 
2500 

5100 11000 1200. 

11000 27000 600 

4300 

4300 
13000 

2500 
1200 

13000 33000 600 

16000 

16000 
33000 

2500 
1200 

CM90 

33000 47000 600 
2400 3000 

2400 7500 2000 
7500 9100 1500 
9100 24000 1000 

24000 43000 500 
43000 100000 250 

2400 5000 
2400 7500 3000 
7500 22000 2000 CM95 

22000 51000 1500 
51000 75000 1000 
75000 100000 500 

4700 
4700 

11000 
6000 
4000 

11000 16000 3000 
16000 27000 2000 
27000 68000 1500 
68000 100000 1000 

Capacitance mmfd 

From I Above I Up Tot 
DCWV 

2000 10000 

2000 4300 8000 
4300 5100 6000 
5100 11000 5000 

11000 16000 4000 
16000 27000 3000 
27000 68000 2000 
68000 100000 1500 

1100 20000 
1100 2000 15000 
2000 4300 12000 
4300 8200 10000 
8200 11000 8000 

11000 24000 5000 
24000 68000 3000 
68000 100000 2000 

1000 30000 
1000 1800 25000 
1800 3900 20000 
3900 7500 15000 
7500 9100 12000 
9100 11000 10000 

11000 16000 8000 
16000 30000 6000 
30000 62000 5000 
62000 75000 4000 
75000 100000 3000 

1800 35000 
1800 3300 30000 
3300 5100 25000 
5100 6200 20000 
6200 10000 15000 

*Characteristic G in Case Sizes CM65 altd CM70 are derated 50% in voltage and clurrent ratings. 
-¡Including. 

l 
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HIG1ILIGH I S of OLSON AND LEONARD PAPERS 
Presented At N. Y. Meeting of Acoustical 

Society of America 
. 

W 
u 
Ct i 
Q 
V_ 

X 

DISPLACEMENT 

Figures I (above) and 2 (right) 
Figure I, the force displacement characteristic of the sus- 
pension system of the cone of a direct radiator loudspeaker, 
discussed by Dr. Olson. Figure 2, theoretical undamped re- 
sponse frequency characteristic of a direct radiator loud 
speaker with a nonlinear suspension system having a force 

displacement characteristic depicted in Figure I. 

Action of a Direct Radiator Loudspeaker 
with Nonlinear Cone Suspension. System. 
Harry F. Olson, RCA Laboratories, 
Princeton, New Jersey. 

DURING the past few years a num- 
ber of mathematical investigators 
have directed their efforts toward 

the solution of differential equations with 
variable coefficients. These analyses, ex- 

8 

7 

6 

2 

30 60 100 
FREQUENCY 

200 

plained Dr. Olson, are useful in explain- 
ing some of the phenomena which occur 
in electroacoustic vibrating systems with 
nonlinear elements. In particular, this 
mathematics may be used to explain the 
various phenomena exhibited by a direct 
radiator loudspeaker With a nonlinear 
cone suspension system. One of the ef- 
fects is a jump phenomenon in the re- 
sponse frequency characteristic. Another 
effect is the production of harmonics and 
subharmonics. 
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Precision Method for Determination of 
Velocity of Sound in Air. R. W. Leon- 
ard, University of California, Los Angeles 

AMETHOD has been developed and 
refined in the laboratory at UCLA 
for the measurement of the velocity 

of free progressive sound waves in air. 
The method involves wavelength meas- 
urements in a free sound field of known 
frequency. A directional source radiating 
spherical waves is placed at one end of 
the free field room. Measurements of 
positions of equal phase along the axis 
of the source are made with a movable 
microphone. The phase measurements 
are made on the screen of an oscilloscope. 
The amplified voltage developed by the 
microphone is applied to the vertical plates 
of the oscilloscope and a voltage derived 
from the source oscillator is applied to 
the horizontal plates. Closure of the el- 
lipse on the oscilloscope screen is used to 
determine position of equal phase. The 
microphone is moved away from the 

(Continued on Page 88) 

Figure 3 
Experimental response frequency charac- 
teristics of a direct radiator loudspeaker 
with a non -linear suspension system having 
a force displacement characteristic shown 
in Figure I. . -1 : The response for an applied 
alternating voltage which continuously in- 
creases in frequency. B: The response for 
an applied alternating voltage which con- 

tinuously decreases in frequency. 
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ever a tube is used... 

The Lee Strobo -Speed lamp stops action of rapid movement 
with a flash of about one thirty -thousandth of o second. One 
flash exceeds in Tight intensity the illumination of 2,000 kilo- 
watts of ordinary tungsten lamps. Operates on 115 volts, 
60 cycles, A.C. 

THERE'S A JOB FOR 

íeea¢ By GUARDIAN 
In the Lee Strobo -Speed Tamp a rectifier tube is employed to build up a high 
charge on a bank of condensers. These are discharged through the flash 
lamps when the Guardian Series 15 relay is energized. This special applica- 
tion illustrates the flexibility of design incorporated into Guardian relays. The 

Guardian standard Series 15 was selected for the job and engineered to meet 

the high voltage requirements and other special conditions. 

Another Lee Strobo -Speed unit with three flash tubes operating from three 

banks of condensers also employs the Series 15 relay. In this application the 

relay is equipped with additional switches to handle three circuits instead of 
one. Contact switches in both units are specially insulated to withstand the 

high voltages. 

The Series 15 is a compact unit having a maximum switch capacity of 10 

pole, single throw with 11/2 amp. contacts; 6 pole single throw with 8 amp. 
contacts; 4 pole double throw with 121/2 amp. contacts. Coils for standard 
voltages range up to 220 volts and may be equipped with copper slug time 

delay on release or attract. 

For D. C. -write for Series 15 bulletin. For A. C. -write for Series 30 bulletin. 

Single Flash Tube, Single Circuit Diagram. 

Consult Guardian whenever a tube is 
used- however, Relays by Guardian 
are NOT limited to tube applications 
but are used wherever automatic con- 
trol is desired for making, breaking, 
or changing the characteristics of elec- 
trical circuits. 

GUARDIAN O' ELECTRIC 
1623 -J W. WALNUT STREET CHICAGO 12, ILLINOIS 

A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 
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COMMUNICATIONS TODAY AND TOMORROW 

As Viewed By Engineer -Executives 
A COMMUNIC4TIONS NAB Executives War Conference Feature 

by HOWARD S. FRAZIER 
Director of Engineering 

National Association of Broadcasters 

AS this issue Of COMMUNICATIONS 
goes to press, broadcasters are 
preparing for the NAB Execu- 

tives War Conference in Chicago on 
'August 28 to 31, and our industry ap- 
proaches the fourth year of wartime 
operation. Those charged with re- 
sponsibility for the technical operation 
of broadcast stations have, to a large 
extent, now established stable operat- 
ing conditions. In other words, war- 
time operation has now become what 
we might call the normal practice in- 
stead of the new and untried. Prob- 
lems of equipment maintenance and 
the training of replacement personnel 
have been met with little, if any, de- 
terioration in service to the American 
public. 

Broadcasting has always been an in- 
dustry of growth, expansion and tech- 
nical improvement. What is more 
natural then, at this time, than to turn 
our thoughts toward the future. The 
work of the Radio Technical Planning 
Board is well underway and already 
the panels on-television and f -m have 
submitted reports which outline the 
technical standards recommended for 
these broadcast services in the post- 
war period. Panel 4 on Standard 
Broadcasting has completed work on 
many of the agenda items and a pre- 
liminary report from that group can 
be expected early in the fall of this 
year. 

Aural broadcasting began soon after 
the first world war and continued to 
expand and develop rapidly through 
the years which preceded Pearl Har- 
bor. Shortly after December 7, 1941, 
the plant expansion and development 
in this field, for the first time, came to 
almost a standstill. The industry de- 
voted its efforts to rendering even 
greater service to the American public 
and to the winning of the war with the 
then existing facilities. 

The time has now come to look for- 
ward into the future and to the re- 
sumption of the industry's plant ex- 
40 COMMUNICATIONS FOR AUGUST 1944 
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pansion. Many of us feel very keenly 
the lack of the reliable crystal ball. 
We can be reasonably sure that many 
more aural broadcast stations will 
come on the air. But who knows 
what method of modulation these sta- 
tions will use in 1950? 

Will it be economically practical to 
provide local aural station service in 
communities of 5,000 to 10,000 people ? 

Will the problem of providing ade- 
quate rural coverage throughout the 
United States be solved ? 

Will the public buy television re- 
ceivers in sufficient quantities to per- 
mit the rapid development of television 
service to small cities and national 
television networks ? 

Who will be the television broad- 
casters of the future ? Will they be 
the present broadcasters, the movie in- 
terests, publishers or others who will 

Technical Session 
NAB Executives War Conference 

Thursday, .4 ugust 31, Palmer House, 
Chicago 

2:15 P.M.: Symposium on postwar fu- 
ture of broadcasting, Commander T. A. 
M. Craven presiding. Speakers will in- 
clude Paul Chamberlain, G.E. ; Niles 
Trammel, NBC; William Lodge, CBS; 
Thomas Joyce, RCA; Dr. E. H. Arm- 
strong, who will cover f -m ; Paul God- 
ley, who will discuss a -m ; and J. V. L. 
Hogan on facsimile. 

dominate the new medium of mass 
communication ? 

I don't know the answers to these' 
and many more questions heard fre- 
quently. But I do know the years 
ahead offer great opportunities,for ser- 
vice and achievement to those who are 
privileged to be part of radio. 

by O. B. HANSON 
Vice President and Chief Engineer 

National Broadcasting Co. 

WAR, particularly modern war, 
gives an impetus to engineer - 
ing progress that far exceeds; 

normal developments in peace time. 
Yet, because of the single vital objec- 
tive of this research and refinement - 
ultimate victory -little of the engi- 
neers' accomplishments can be re- 
ported for public consumption. When 
the war is brought to a successful fin- 
ish or when national security permits, 
the communications industry will have 
a story to tell that will excite the 
imagination of those who have not 
been intimately concerned with labora- 
tory and manufacturing activities. 

In the broadcasting field the main 
problem has been maintenance. Yet 
with manufacturing facilities devoted 
almost entirely to the war effort it has 
not been possible to carry out many 
of the normal replacements for obso- 
lete units that good engineering prac- 
tice ordinarily dictates. This has 
made it necessary for statións to im- 
provise numerous components and, in 
many instances, to construct replace- 
ments from available parts. That 
American broadcasters have been able 
to continue their high standard of ser- 
vice with few interruptions is a tribute 
to the ingenuity of engineering staffs. 

Possibly the outstanding accom- 
plishments in the past year have been 
the construction of the two short -wave 
station groups at Bound Brook, N. J., 
and Dixon, California. The six trans- 
mitters at Bound Brook were installed 

(Continued on page 50) 
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'wily TI-/AT 

Right on the field of battle is the CBC truck 
with its Presto recorder taking down the 
sounds of battle, the words of Canadian men 
doing the fighting .. . 

Yes! It actually happens. Canadian families are now hearing 

the voices of their own loved ones on the battlefronts, thanks 

to a program service originated by the Overseas News Service 

of CBC. This enterprising and much appreciated service con- 

sists of recordings made right on the scene of battle, the actual 

sounds of battle forming a terrible background. The record- 

ings are rushed to Algiers, short -waved either via London or 

direct to Ottawa, where they are re- recorded, and sent out over 

the CBC leased lines. All this is made possible by the use of 

PRESTO Recording Equipment, which is used throughout the 

Canadian Broadcasting Corporation. 

Presto Recording Corporation, New York 19, N. Y., U. S. A. 
World's Largest Manufacturers of Instanta- 
neous Sound Recording Equipment and Discs 

Transmitted by short wave to BBC in 
London, the broadcast is re- recorded on one 
of the fifty complete Presto recording instal- 
lations in the British Isles .. . 

Short -waved again, this time to CBC in 
Ottawa, the battle- recorded broadcast is 
then sent over wire lines to the stations on 
the CBC networks across the Dominion. 
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BROADCAST ANTENNAS AND ARRAYS 
Figure I 

Vertical ground- 
ed antenna with 
arbitrary current 
and phase dis- 
tribution, and di- 
vided into sec- 
tions of equal 
length with 
vector diagram 
of fields at P 
due to current Ih 
in section h. All 
dimensions in 
free -space de- 

grees. 

TFIE non -sinusoidal current dis- 
tribution in practical broadcast 
antennas yields patterns that 

differ from the ideal usually assumed. 
The discrepancy is more pronounced 
in the case of arrays than in single 
antennas. The computation method 

Table 

[PART ONE OF A TWO -PART PAPER] 

outlined in this paper is independent 
of current distribution and phase -shift 
along the antenna. 

Methods for measuring relative 
current and phase in antenna systems 
have been described." 1, 3,. It is there- 
fore assumed that the relative current 

Values for the function f(h, V) = cos(h sin V) cos V; (for slide rule use) 

h 

Degrees 

Values of the function: cos(h sin V) cos V 

V_ 10 °IV_20 °IV_30 °IV_40°Í V_50 °IV -60 °ÍV_70 °IV_80° 
5 0.985 0.940 0.865 0.764 0.642 0.499 0.342 0.173 15 0.984 0.936 0.858 0.756 0.630 0.487 0.332 0.168 25 0.982 0.930 0.845 0.736 0.608 0.465 0.314 0.158 35.. .. 0.979 0.919 0.826 0.708 0.574 0.432 0.287 0.143 45 0.976 0.906 0.800 0.670 0.530 0.389 0.253 0.124 

55 0.971 0.890 0.768 0.624 0.477 0.337 0.212 0.102 65 0.966 0.872 0.730 0.571 0.418 0.278 0.165 0.076 
75 0.959 0.847 0.687 0.511 0.347 0.212 0.114 0.048 
85 0.952 0.822 0.638 0.444 0.271 0.144 0.061 0.019 
95 0.944 0.793 0.585 0.371 0.190 0.067 0.004 -0.011 

105 0.936 0.761 0.527 0.293 0.107 -0.009 -0.051 -0.040 
115 0.926 0.726 0.465 0.212 0.022 -0.084 -0.106 -0.068 
125 0.915 0.691 0.400 0.128 -0.063 -0.156 -0.157 -0.095 
135 0.903 0.651 0.332 0.043 -0.147 -0.227 -0.205 -0.118 
145 0.891 0.609 0.261 -0.041 -0.230 -0.291 -0.246 -0.138 
155 0.878 0.566 0.187 -0.128 -0.310 -0.347 -0.282 -0.154 
165 0.865 0.520 0.113 -0.211 -0.380 -0.399 -0.310 -0.166 
175 0.850 0.472 0.038 -0.294 -0.447 -0.440 -0.330 -0.172 
185 0.836 0.423 -0.038 -0.371 -0.505 -0.471 -0.340 -0.174 
195 0.818 0.373 -0.113 -0.443 -0.553 -0.491 -0.342 -0.170 
205 0.801 0.320 -0.187 -0.511 -0.592 -0.499 -0.334 -0.161 
215 0.783 0.270 -0.261 -0.570 -0.620 -0.497 -0.317 -0.147 
225 0.765 0.211 -0.332 -0.625 -0.637 -0.483 -0.292 -0.128 
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Calculation o 

R a d i a t i o n 

P a t t e r n 

by WILSON PRITCHETT 
Radio Engineer 

E. F. Johnson Company 

and phase distribution on each an- 
tenna is known or can be measured. 
Since practical broadcast antennas 
usually employ extensive ground sys- 
tems that approach the ideal,' a perfect 
earth has been assumed in computing 
the patterns. 

Absolute and Relative Patterns of 
Single Antennas 

Let us consider the antenna of Fig- 
ure 1, with its current and phase dis- 
tribution as shown. The vector dia- 
gram gives the magnitude and phase 
at the remote point, P, of the di- 
rect and reflected increments of the 
field produced by the current, Ih, flow- 
ing in a section. The resultant is 

[60n Sh° 
Ehv 

II Qh =2 L 1hIcph(cos 

d 360° (sinV)cosV) 
volts per unit d (1) 

For the section, 8h, 10° long and the 
distance, d, to point, P, 1 mile, 

Ehv cph = 0.00651 Ih I cph f (h, V) 
volts per meter (2) 

Certain values of the function f (h, V ), 
useful in the study of broadcast an- 
tennas, are given in Table 1. 

Finally it is necessary to combine 
the contributions from all sections 
vectorially to find the total resultant 
field (Eve_) at point, P, for a given 
elevation angle V. 

8h° h=H°-- 
Eby I cph 

8h° h=- 
2 

volts per unit d (3) 

Determination of patterns for ar- 
rays requires, first the determination 
of the individual relative patterns. All 
antennas are divided into equal sec- 
tions, Sh, and the relative current and 
phase distribution expressed with re- 
spect to unity current ratio and zero 
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WHAT WILL THE QUARTZ CRYSTAL DO TOMORROW? 

The fabled princes of Hindustan or the wealthy 
Nizam of Hyderabad never owned a gem more 
valuable. 

The quartz crystal is doing more than rubies 
or emeralds to protect our way of life against 
the aggressor. 

Cut into tiny wafers the quartz crystal is per- 
forming with merit wherever fixed radio fre- 
quencies are a "must ". 

Federal is mass producing 
frequency control crystals 
for military use. How many 
difficult jobs they are doing 
is a war secl'et. But their ver- 
satility is unlimited. 

Even now - in the great FTR 
research laboratories - men 
are finding new uses for 

quartz crystals - pointing the way to wide- 
spread industrial and civilian use after the war 
is won. 

Not alone in communications - but in such 
widespread applications as precision timing 
and measuring devices, television, supersonics, 
pressure gauges, filters, generators, induction 
heating devices and automatic control equip- 
ment, crystals will find new uses . .. a war gem 
will become a peacetime servant. 

Megatherm, Fed - 
eral's pioneering 
induction and 
dielectric heating 
equipment, is giv- 
ing outstanding 
production line per- 
formance in the 
metals, plastics, 
food, textile and 
other industries. 

To achieve mass production 
Federal has installed new 
machinery and new methods 
to speed crystals on their way 
to war -and will continue to 
be a leader in crystal produc- 
tion. Now is the time to get 
to know Federal. 

Federal Telephone and Radio Corporation 
www.americanradiohistory.com
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P 

PLAN VIEW 

PROFILE VIEW 
AT O DEGREES 

P 

0=0° 

02 

phase at the base of one antenna taken 
as a reference. Mutual impedance 
between antennas destroys the quanti- 
tative relationship of equation 1, and 
the individual relative patterns must 
be found first. This is done by re- 
writing equation 2, using relative 
current, kbJpe, in each section, ah, to 
compute the relative increment of 
field, khv!ph. The constant terni is 
dropped. 

kb.Icpb= khlcphf(h,V) (4) 

The total relative field, lc, 10,, is 

the vector sum of the contributions 
from the sections, and corresponds to 
equation 3: 

ah° 
h=H° - - 

2 
kv 1 p = kbv I cpb 

ab° h=- 
2 

(5) 

The procedure for using Table 1 

and equation 2 or 4, to find the pat- 
tern of an antenna, is : 

(1)- Prepare a table of the form of 
Table 1, inserting columns for 
0.00651 Ih (or kh) and ph, in 
which the other tabulations con- 
sist of products of 0.00651 I 
(or kb), and the corresponding 
value of f(h, V) from Table 1. 

(2) -With the aid of an engineer's 
scale and protractor (or draft- 
ing machine) we add vectorially 
each column. Since all values 
in each horizontal row are laid 
off at the same angle (ph), it 
is expedient to use a . drafting 
machine and prepare a single 

Figure 2 

Plan and profile view 
of multi -element ar- 
ray of vertical 

antennas. 

vector diagram for the entire 
'table. After all vectors are 
drawn, the magnitude and phase 
of the field at each elevation 
angle is measured and tabulated 
at the end of the proper column. 

In the case of short antennas, in 
which the phase distribution is con- 
stant, the columns are simply added 
algebraically. 

Tall antennas have a number of the 
functions, f(h,V), negative, and it is 
usually necessary to provide a fairly 
large sheet of detail paper to avoid 
passing off the edge. 

The writer has found application of 
the 10° schedule of Table 1 to ideal 
antennas up to 220° tall, to give re- 
sults that check the well known formu- 
las within a fraction of a per cent.' 

Relative Patterns of Arrays 

Figure 2 shows the plan view and 
one profile view of a multi -element 
array. The reference horizontal di- 
rection, O = 0 °, is in a vertical plane 
passing through the reference antenna 
1, and any other antenna 2, spaced 
52 degrees from antenna 1, and is 
directed from the reference antenna 
I to the other antenna 2. The other 
antennas lie in arbitrary directions, 
ßN, at arbitrary spacings SN 

Since the relative phase and mag- 
nitude of the individual fields have 
been determined with respect to the 
relative phase and magnitude of the 
base currents, and the earth assumed 
perfect, the fields at point P, due to 
the individual antennas, appear to 
emanate from the bases of the an- 
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tennas. It is merely necessary to 
combine them vectorially at the proper 
angles accounting for the differences 
in path length traveled, WevN, and 
the actual time phase, VN, of the in- 
dividual fields. Thus, the resultant . 

relative field intensity from the array 
is 

KO, = kv, 
I 
v, + kv2 

1 v2 + Wove 

1= - - - - + kYN 
1 4'VN + WeiN (6) 

From Figure 2 it is easily seen that 
tlrevN = SNcos (0 -ßN) cos V (7) 

The vector addition represented by 
equation 6 is a special feature of vari- 
ous antenna pattern calculators that 
have been described' 

The protractor reproduced in Figure 
3, mounted on a sheet of stiff card- 
board and fitted with a transparent 
radial index arm, can be used advan- 
tageously in laying off the angles 
(OYN + IIre,'N) 

Protractor Description and 
Use Procedure 

The circular arcs numbered from 
30° to 330° indicate 1FvN which is 
constant for any vertical angle V 
and equal to SN cos V. A table of 
values for WvN is computed for th 
various elevation angles V. Th 
angle WevN is read directly from th 
intersections of the spiral lines wit 
the Wv arc for the specific elevatio 
angle V. The spirals are drawn for 
10° increments of (0 -ßN), and so 

use of the protractor is limited to ßN 

taken at 10° intervals. Interpolation 
for intermediate values of FVN is 
easy, however. Figure 4 shows the 
vector diagram for a specific eleva, 
tion angle, V, of a simple array. Ad 
vantage is taken of the fact that k,N, 

VN and llrv are constant. The rela 
tive field from the reference antenn 
kv, is laid off at the angle (by'. Upo 
its ends are laid off arcs with radi': 
kvs and kin, as shown. Upon these 
arcs are laid off values of IrevN, wits 
the aid of the protractor of Figure 2 

mounted as described, and having 
hole at the origin for centering it upoi. 
the ends of the- vector (kv, I Ov, ) 
First the phase angle 9SVN is laid off a 
shown and the zero on the rim of the 
protractor laid in that direction. Suc- 
cessive angles rOVN are then laid o 
from (0 -ßN) = 0° to (0 -ßN) = 
90 °. These two extremities are 
uvN, and zero, read from the rim of 
the protractor. Intermediate values 
of grey', are plotted from successive 
intersections of the spirals with the 
arc WVN. A pair of dividers can b 
used to lay off these same interval, 
on the other side of vN for (0 - ßN 
continuing from 90° to 180 °. Re. 
turning on the same points gives suc- 
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SPRAGUE 

A BIG STEP FORWARD : in Capacitors 

for High Temperature, High Voltage Applications 

Vitamin Q impregnant, pioneered and 
perfected by Sprague, has resulted in capac- 
itor developments of far -reaching import- 
ance for high temperature, high voltage 
applications. Although extremely compact, 
Sprague Type 2 5 P Capacitors, for instance, 
operate satisfactorily at thousands of volts 
at ambient temperatures as high as 105° C. 

Moreover, their leakage resistance at room 
temperature is 20,000 megohms X micro - 
farads-or at least five times higher than 
that of previous types. 

Sprague Vitamin Q impregnated Capac- 

itors retain all of the virtues of conven- 
tional oil- impregnated capacitors 
throughout the extreme range of 105° C. 

to -40° C. Used where high temperature 
is not a factor, they result in materially 
higher ratings for a given size. 

Standard types include hermetically 
sealed rectangular metal container units in 
styles for 95° C. and 105° C. continuous 
operation, and in d -c rated voltages from 
1000 to 16000 V. Other types include 
Type 45P hermetically sealed in glass 
shells with metal end caps. 

SPRAGUE ELECTRIC COMPANY, North Adams, Mass. 
(Formerly Sprague Specialties Co.) 

*TRADEMARK REG. U. S. PAT. OFF. 

SPRAGUE CAPACITORS 

KOOLOHM RESISTORS 
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30 

PROTRACTOR 

FOR GRAPHICAL DETERMINATION 

OF FIELD PATTERNS OF MULTI- 

ELEMENT GROUNDED VERTICAL 

ANTENNAS 

08I 

Figure 3 Protractor for mounting on cardboard and fitting with a transparent ruled radial arm. A hole is provided in center bearing for observing 
centering of protractor on vector diagram . 

an antenna system is the summation 
of the power flowing out through the 
zones of an enclosing hemisphere and 

cessive values of tl' from 18O tu 
360°. 

In the case of arrays of more than 
three antennas, it is necessary to lay 
off the proper values of (95v N 1FavN ) 
upon the end of a moving vector. The 
dividers are used to measure the total 
resultant relative field, Key, which 
is the displacement between the ends 
of the corresponding vectors. The 
displacements are plotted directly on 
polar coordinates as measured. Use 
was made of the proportional dividers 
set at 0.5 to 1.0, Figure 4. 

Adjust emit of Relative Patterns 

The total power, P, radiated from 

is 
z -N P- d! &(0.00265) EE, cos V, 
z = 1 

watts (8) 
where : 

d = the radius of the hemisphere in 
meters 

N = the number of zones, all having 
equal central angles into which the 
surface of the hemisphere is divided 

v. _ - 
2N 

V. = elevation angle to the center of the 
zone 

e, = the effective field in volts per meter 
46 COMMUNICATIONS FOR AUGUST 1944 

in the zone. Its value is quite 
accurately 

ELE + E,! 
E E = 

2 
where EL is the effective field at th 
lower edge of the zone, and ell is 
the effective field at the upper 
of the zone. The effective field at 
the edge of a zone is equal to th 
radius of a circle having the same 

area as a polar plot of the actual 
field around the edge of the zone. 

For the hemisphere with a mile 
radius and divided into 10° zones, the 
square -root of the summation in equa- 
tion 8 becomes 

z =9 
e: cos V, = 0.3645 , 

z =1 
for 1000 watts radiated 
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p Decreased Spacing 

Shorter Length 
Lower Minimum 
Less Inductance 

Types C and D for peak 
voltages of 3500 ta 
13,000 

Types E and F for 
peak voltages of 
2000 to 4500 

Again Johnson scores a first with newly designed thick plates which 

allow much higher voltages, particularly at high frequencies. 

It has long been known that plates with rounded edges have higher 

breakdown voltages in variable condensers, but it remained for Johnson 

Engineers to work out ratios of plate thickness, design, voltage, and spacing 

for maximum advantage. 

Greatly decreased length (as much as one -third in some cases) results 

in lower minimum capacity and lower inductance due to shorter frame rods 

and other metal parts, which is extremely important at high frequencies. 

Corona is noticeably less with the new type plates and corona shields 

have been added where stator bars enter insulators, resulting in still further 

improved performance. 

Despite these many improvements, in most cases prices are lower 

because of the saving in material. 

Now available in Types A and B, both fixed and variable, this new 

plate shape and construction will be incorporated in other types as quickly 

as possible. Write Johnson today for more information and for recommen- 

dations on YOUR variable condenser application. 

New Catalog 968E now ready. 

Type H for peak 
voltages of 1500 
to 3000 

Type N neutralizing 
condensers in 5 sizes 

E. F. JOHNSON COMPANY . W A S E C A M I N N E S O T A 
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Locus Kv3 

- Kvl Locus KV2 

V 

/Q3 = 60° 
Kvi Ovl =2.7 - 30 ° 
Kv2Ov2 

= 
1.8 /-80° 

Kv3/0v3. =2.2 /+20° 
`Yv2=100° *V360° 

90° 

V2 

If we consider the relative pattern 
of an array resulting from the sum- 
mation of equation 6, and let the ac- 
tual field intensity for one kilowatt 
radiated be related to the relative 
field by the factor M, we find that 
Fev = M Key. volts per meter at a mile 

(10) 
Let KZ be the relative effective 

field in a zone corresponding to E,, for 
the effective field in volts per meter 
in the zone, and 

M 
0.3645 

_1z 9 

K>,2 cos VZ 

z-1 

FIELD PATTERN OF 
- - -- IDEAL ANTENNA 

CYLINDRICAL ANTENNA 
Height: 220° 
Power: I kw 

90° 
70' S0° 40° 30' 20° 

11.1111111111111111 
. 

4i1.111111111111 
-- 

50 100 150 200 250 

FIELD INTENSITY MV 

M 

fó° 

MILES) 

Figures 4 (left), 5 
(above), and 6 (be- 

low) 
In Figure 4 we have a 
vector diagram of in- 
dividual relative fields 
of a 3- element array 
drawn with the aid of 
protractor shown in 
Figure 3. The result- 
ing pattern (Key) and 
its rms value (Kv) is 
shown. Figure 5 shows 
a comparison of fields 
from ideal and practi- 
cal antennas. Figure 6, 
a comparison of fields 
in the line of towers of 
ideal and practical 2- 
element arrays having 
horizontal patterns of 

identical shape. 

A simple procedure for evaluating 
M is: 
(1)- Tabulate V and V., 5° increments (2)- Tabulate Kv and Kr' opposite the 

proper even 10° increments of V. 
(See Figure 4 for Kv) (3)- Average successive values of K..2 

KL2 + KU2 
and tabulate K.2= op- 

2 
posite the alternate 10° increments, 

V. (5 °, 15 °, etc.) (12) 
(4)- Multiply each K22 by its cos V. (5)- Divide 0.3645 by the square root of 

the total of the column (K.2 cos V.) 
Now that M is found, equation 10 

adjusts the relative pattern to the 
absolute field intensity in volts per 

i 

FIELD RATIO: 2 
FIELD PHASING: +100° 

SPACING 60° 
90' 

H, = 90° 
H2°220° 

150 100 50 0 50 100 150 200 250 
FIELD INTENSITY: 

MV 
(MILES) 

POWER: 1 kw. 

IDEAL ANTENNAS CYLINDRICAL ANTENNAS 
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meter at a mile for one kilowatt radi 
ated. The field intensity for any othe 
value of power is equation 10 mutt: 
plied by the square -root of the actua 
power in kilowatts. 

Ideal and Actual Patterns 
Figure 5 shows the comparison o 

the vertical directivity of an idea 
220° antenna with one in which thil 
current and phase distribution mort. 
nearly approach that to be found it 
actual uniform cross -section antennas. 
The current and phase distribution 
used were adapted from a recent 
paper.' 

Figure 6 shows a similar compari 
son for a two- element array in which 
the sections shown are in the line of 
towers. The relative magnitude anc, 
phase of the base currents for the two 
cases were adjusted so that the shape: 
of the two horizontal patterns were 
identical. It is seen that the difference 
is greater in the case of arrays than 
in the case of a single antenna. 
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1 

IRE 

IRE: 

C 

ITToT 
Transformation 

u= Ó 
vbc 

= ---A- 

w _aC 

o=(a+b+c) 

Figure 2, above 

A convenient form for making the 
transformation from a given n 
network to an equivalent T type. 

Figure I, below 

Generalized form of the ir-T networks. 

a 
T To 77- Transformation 

v 
r b 

6= W 
v 

c u J ¡i) =uv.uwvw 

v 

Figure 3, above 

A convenient form for transform- 
ing from a given T to a n 

network. 

RESISTIVE ATTENUATOR, PAD AND NETWORK 

Theory and Design 
by PAUL B. WRIGHT 
Communications Research Engineer 

This series will offer in compact form 
the major portion of the theory and de- 
sign of resistive attenuating networks. 
Tabulated functions of a real variable 
ever the range of attenuation fram. 0.01 
to 150.0 db will be presented. The head- 
ings of the tables will give the relation- 
ship existing between the algebraic, ex- 
ponential, hyperbolic and the symbolic 
functions used in this paper. Since they 
zcill all be functions of a real variable, 
they can also be used successfully when - 
c..cr dealing with mathematical notations 
haying the same form. This form of 
presentation gives a concise and accurate 
means of showing the transformations 
from algebraic to hyperbolic forms as 
well as the exponential and symbolic no- 
tations. The tables presented with each 
p,,rt of the paper will be complete. They 
will be extensive enough to allow the de- 
sign of any of the standard forms of at- 
tenuating networks. The tables will also 
facilitate obtaining the constants for other 
forms of networks which do not come 
under the standard classifications ordinar- 
it y used. 

In this paper will appear a portion of 
the notes, data and calculations initiated 
by the author in 1932. Revisions and re- 
arrangements of material have been made 
as time and engineering experience per- 

The basic theory of resistance net- 
work transformations is presented 
in this initial installment, together 
with completely tabulated functions 
of a real variable which form the 
foundation from which the whole 
structure of all of the standard 
forms of purely resistive networks 

may be built. 

;flitted. After the classic paper of Mc- 
Elroy in 1935, practically all notations 
were changed to conform to the nomen- 
clature used in that paper wherever pos- 
sible, since the writer believes that stand- 
ardization in. symbolical notation for net- 
works of standard or common configura- 
tions should be used whenever it is con- 
venient to do so. This policy has been 
adopted for this paper. Other notations 
of the author have been for the sake of 
completeness and clearness wherever no 
procedence in symbols has been set or 
whenever translation of existing theory 
into the conforming symbolic notation of 
this paper has been found necessary. 

Whenever and wherever compression of 
mathematical equations were usable with- 
out sacrificing clarity of detail or pur- 
pose, suitable symbols have been used. 
Another important simplification applied 
in the treatment of pure resistance types 
of networks encompasses the use of En- 
glish characters with a minimum num- 

Above, a bridged T attenuator, with and without case. (Courtesy 
Dauen). At right, a 100 -ohm balanced shielded attenuator. (Courtesy 

Leeds and Northrup). 

SOUND ENGINEERING 

ber of primes or subscripts. However, 
Greek symbolic notation will be used 
throughout the paper in accordance with 
standards of past mathematical and good 
engineering practices to provide unity of 
form and compactness of expression. No 
attempt will be made to prove the various 
theorems used, but references to text- 
books and papers where they may be 
fòund will appear at the conclusion of 
the paper. 

IN the design of attenuating net - 
works, the factors of most usual 
interest are those of insertion 

loss and the impedances between which 
the network must be placed to give the 
loss required. The insertion loss is de- 
fined as ten times the logarithm, to the 
base 10, of the ratio of the power de- 
livered to a given load before inser- 
tion of a network to that delivered 
after its insertion. Since considerable 
simplification of the theory, as well as 
the practice of network design and 
operation is obtained if the network is 
assumed to be properly matched on an 
image basis, this is the usual assump- 
tion made in the design of standard 
attenuating networks or pads as they 
are commonly called. On the image 

(Continued on page 52) 
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THE LATEST, UP -TO -THE- MINUTE RADIO AND COMMUNICATIONS 
ELECTRONIC CATALOG IN THE COUNTRY TODAY! 

Ifte 
The Lafayette Radio Catalog No. 
94 will be rushed to you upon 
request. Fill out this coupon 
NOW! 

MI OE MI 11111 MD MD MI In 
LAFAYETTE RADIO CORP. 

901 W. Jackson Blvd., Chicago 7, III. 

Dept. R -8 

Please rush my FREE copy of the 
Lafayette Radio Catalog No. 94. 

NAME 

ADDRESS 

CITY STATE . MI MI NM 

fa 

I 

I 

I 

Newest listings of amplifiers, communications 
equipment, radio tubes, testers, etc. 

The latest developments in inter -communications 
equipment. 

Greatly expanded listing of needed tools, espe- 
cially for assembly and factory use. 

Advance listings of 1944 radio and electronic 
books; repair and replacement parts; bargain 
section of values. 

A brand new, up -to -the- minute catalog that 
should be in the hands of industrial plants, 
laboratories, government and military services, 

schools, radio servicemen and dealers (on L265), 

everybody engaged in vital war and civilian work. 

901 W. Jackson Blvd., Chicago 7, Illinois* 265 Peachtree Street, Atlanta 3, Georgia 
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(Continued from page 40) 

by NBC and are being operated by 
NBC under special arrangement with 
the OWI. A similar set -up at Dixon 
is under construction on the same 
basis and should be in operation within 
a few months. 

These short -wave transmitters are 
of the most modern design. They feed 
an array of twenty or more antennas 
so oriented as to make programs avail- 
able to all European countries, Latin 
America and South America. The 
California/ transmitters will provide 
programs for the Antipodes, the Ori- 
ent and the USSR. 

Television and f -m, as the public 
now realizes, are certain to be two of 
the most active postwar radio ser- 
vices. But here too, military priorities 
have held civilian development in close 
check. Limited program experimen- 
tation has been carried out, but re- 
ceivers have not been manufactured 
since early in 1942. However, it is 
known that manufacturers are making 
plans for the resumption of set pro- 
duction in both f -m and television as 
soon as facilities can be converted 
from war to peace time production. 

by J. R. POPPELE 
Chief Engineer, WOR 

THAT the war has not hindered 
the progress of the communica- 
tions art to as great an extent 

as is generally thought by the layman 
is affirmed by the great strides taken 
in the production of complex Army 
and Navy communications matériel- 
Especially during the last year the 
public eye has been trained upon the 
progress in direction equipment, the 
use of f -m broadcasting in communi- 
cations work, and allied apparatus 
most of which, of course, are still en- 
wrapped in military secrecy. 

When the victory is attained, and it I. 

is possible to learn of the progress 
made by research and manufacture in 
this equipment, it will be found that 
an unbelievable amount of advance- 
ment has been made. And it will re- 
main for the engineers to adapt these 
processes, which will be released, into 
the multitudinous articles and facilities 
for civilian consumption. Undoubtedly 
there will be many rough edges to be 
smoothed and we must, by no means, 
expect to reach perfection overnight. 
But the field is vast and fraught with 
innumerable possibilities. 
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ENEMY AIRBORNE RADIO 

Left, Funk Gerät (FuG 
10) equipment panel 
in Junkers 88 air- 
craft. This is a gen- 
eral purpose communi- 
cations equipment and 
is used on bombers, 
twin -engined fighters 
and some flying boats. 
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All photos courtesy British Air Ministry 

(Crown Copyright Reserved) 

Above, right, antenna matching unit of the FuG 10 installation. In this seetion are 
two tapped variometers for tuning on h -f and m -f ranges, and iron -cored auto -transformers 
for antenna impedance matching to 50 -ohm feeders. A vacuum type relay and serrent - 

transformer rectifier are also included. The unit weighs 18 pounds. 

AERONAUTICAL COMMUNICATIONS 

At left appears an 
Italian general purpose 
transmitter, type 350H. 
Covers 550 -1119 and 
820 -150') kc, and 3.5.9 
mc. Triodes are used. 
Output in c -w is 10 to 
20 watts. Right, FuG 
10 transmitter with 
rear covers removed. 
Master oscillator used 

is Colpitts type. 

At left, German direc- 
tion finding receiver, 
EZ4, used on single - 
engine dive bombers. 
Has electrical remote 
control system for 2- 
frequency selection. At 
a, electromagnet; b, 
armature carrying worm 
drive; c, manual tun- 
ing control; d, stop- 
ping contacts; e, re- 
versing contacts; J, re- 
versible motor. At 
right, interior of Italian 
receiver AR-8, with 
frequency range of 
from 200 kc to 22 mc, 
in seven continuous 
ranges. Also tunes from 
520 -700 kc. Single r -f 
is used, with all coils 
mounted on a 3-gang 

turret. 
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GOLD makes Electron 

It was a great day for radio communica- 
tion when National Union engineers 
developed the technique of gold plating 
certain tube parts. For by this ingenious 

means they measurably extended the life of 
power tubes. 

The object, here, was not to make power 
tubes structurally stronger -or even more 
durable. Already these tubes were sound 
enough mechanically to do a bang -up job. What 
the N. U. process of gold plating did, was to 
make the electrons behave. N. U. engineers 
demonstrated that by gold -plating the grid wire, 
they automatically eliminated a very disturbing 
factor in power tube performance, known as 

grid emission. The source of this undesirable 
primary emission was imprisoned within the 
gold. No longer could it interfere with the 
planned and controlled electron flow within the 
tube. Result -power tubes of a higher per- 
formance level and longer life. 

Thanks to the greatly expanded electronic 
research program at National Union Labora- 
tories, many such improved tubes with wide 
application in America's homes and industries 
will be available at the war's end. Count on 

National Union. 

NATIONAL UNION RADIO CORPORATION, NEWARK, N..1. 
Factories: Newark and Maplewood, N. J.; Lansdale and Robesonia, Pa. 

NATIO N 
.. 

AL 
< 

t...: 

,:.'. `\ UNION 
RADIO AND ELECTRONIC TUBES 
Transmitting, Cathode Ray, Receiving, Special Purpose "Tubes Condensers Volume Controls Photo Electric Cells Panel Lamps Flashlight Bulbs 
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i/ave you this kind of Faith in your instruments? 

F YOU didn't have faith in your alarm 
1lock you'd spend a restless night. As 

is, you sleep soundly because you 
ow that this clock won't fool you 
at least not more than once. 
But an electrical instrument is 
fferent. It doesn't reveal it's faith- 
ssness by ringing at the wrong time 
r by letting you oversleep. It may 
owly begin to vary just a little from 
le truth, and this may not be discov- 
-ed until great damagehas been done. 

The only way you can enjoy com- 
plete faith in your metering, measur- 
ing and testing equipment is to know 
how it is made. In the case of Boes 
instruments, we invite this kind 
of acquaintance. We want you to 
know how we engineer our instru- 
ments, how we earn your faith and 
confidence by building Boes instru- 
ments to meet incredibly stiff stand- 
ards, how we provide for sustained 
accuracy.* We believe that an investi- 

gation of our facilities, our products, 
and our methods will reward you 
with complete confidence in any Boes 
instrument that you may ever use. 

*SUSTAINED ACCURACY is not an easy 
quality to achieve. It must take into account 
all factors of use -must then employ the de- 
sign, the alloys, the construction that infalli- 
bly protect an instrument against all threats 
to its reliable performance. Such instruments, 
obviously, must be built with performance - 
not price -in mind. We invite the inquiries of 
those who are interested in such standards. 

instruments 

for Measuring, Metering d7 Testing Equipment * The W. W. Boes Co., Dayton, Ohio 
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howA 

*BUY WAR BONDS* 

WHEN YOU SPECIFY 
HARNESSES... 

Wiring assemblies individually 
designed ... to your own rigid 
specifications ... by HOWARD, 
specialists in the design and 
manufacture of radio equipment. 

OWARD MANUFACTURING CORP. 
COUNCIL BLUFFS, IOWA 

NEWS BRIEFS OF THE MONTH... 
NBC TELEVISION COURSE FOR 
AFFILIATED STATION ENGINEERS 
A special four -week course in television for 
the engineering personnel of its affiliated sta- 
tions is being sponsored by the National Broad- 
casting Company. Beginning October 2nd. the 
faculty of the RCA Institutes and executives 
and network engineers of NBC will conduct a 
series of twenty sessions on the major elements 
of the television system, including the theory 
of component units such as the design and 
operation of electronic tubes. control circuits. 
and wide -band amplifiers. 

Commercial engineering and economic con- 
siderations of television will be discussed by 
William S. Hedges, NBC vice president in 
charge of stations, O. B. Hanson, NBC vice 
president and chief engineer. and Philip I. 
Merryman, NBC director of facilities develop. 
ment and research. Among others of NBC's 
engineering staff who will take part in the 
lectures and field trips are Robert E. Shelby, 
George M. Nixon, Raymond F. Guy, Albert 
W. Protzman, Fred A. Wankel, Thomas J. 
Buzalski, John L. Siebert, Harold See and A. 
L. Hammerschmidt. 

* * * 

"E" AWARDS 
The continued maintenance of high production 
standards by the radio industry has been evi- 
denced by the number of Army -Navy "E" flags 
and white stars awarded manufacturers during 
the past months. Three recent winners of "E" 
flags included Universal Microphone Company 
of Inglewood, California, Electro -Voice Manu- 
facturing Company, Inc., of South Bend. Indi- 
ana, and Aerovox Corporation, New Bedford 
and Taunton, Mass. 

Electronic Enterprises, Inc., of 67 Seventh 
Avenue, Newark, New Jersey, received a white 
star for its "E" flag recently. Second white 
star awards were presented to General Electric 
Company's Bridgeport plant, and the Summer - 
ill Tubing Company of Bridgeport. Four other 
companies received their third white stars: 

Philco Corporation of Philadelphia, Sheffield 
Corporation of Dayton, Ohio, the Hallicrafters 
Company of Chicago, and the four divisions of 
Raytheon Manufacturing Company of Newton 
and Waltham, Massachusetts. 

At Universal Microphone "E" award, left to 
right: Col. S. W. Stanley, chief Signal Branch, 
Forward Echelon, 9th Service Command, who 
presented award; James L. Fouch, U. M. presi- 
dent; Commander Edwin F. Keyes, USNR, 
assistant inspector of naval materials, Los 

Angeles district, who presented citation. 

RADIO AVIATION BOOKLET 
ISSUED BY RADIO RECEPTOR 
The first issue of "Highways of the Air," de- 
voted to promot'on of radio in aviation, has 
been released by Radio Receptor Company, Inc., 
251 West 19 Street, New York 11, New York. 

Four articles on aeronautical radio appear in 
this initial issue, including a fifth reprint of a 
booklet originally published by the company in 
1935 outlining radio navigation aids. The pa- 
pers presented are: "Airway and Ground Facil- 
ities of the Future" by William A. M. Burden, 
Assistant Secretary of Commerce; "Radio in 
Aviation -CAA's U -H -F Range Program -The 
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Two - Course System -Instrument Landing S tern," by Charles A. Stanton, CAA Admit trator; and "The Army Airways Commun, tion System" by Lieut. Walter W. Fawcett, 
AAF, an analysis of the system's purpose, 
eration and equipment, reprinted from a ree 
issue of COMMUNICATIONS. 

This and future issues of the magazine t 
be sent without charge to airport, airline 2 municipal officials, and others, upon request, 

* 

WALKER NOW V -P OF AAC 
John B. Walker has been elected vice pre 
dent in charge of sales of Aircraft Accessor 
Corporation, Kansas City, Kansas, and t 
make his headquarters at the company's offi 
at 60 East 42nd Street, New York City. I 
Walker has been a director of AAC for 
past two years. Previous to this, he was as 
elated with United Air Lines, T. W. A.. 2 

the Greyhound Bus Lines. 

GENERAL RADIO EXPANDS 
An additional building housing administrati' 
sales and publicity offices and reseat1 
laboratories, has been opened by General Rai 
Company at 275 Massachusetts Avenue. Ca- 
bridge 39, Massachusetts. . 
WESTINGHOUSE AWARD 
TO R. E. STOWE 
Richard E. Stowe, manager of the Dayt s 
office of Westinghouse Electric & Manufactt 
ing Company, was awarded the compan: 
highest honor recently, the "Order of Meri 
Mr. Stowe, with Westinghouse for seventt 
years, was cited for his distinguished sery 
in the application of electricity to aircraft. 

* * 

HALLICRAFTERS DONATES $5,000 
TO ARMY HOSPITAL 
A total of $5,000 was presented recently by i 

management and employees of the Hallicraf 
Company, Chicago, to the Army's new Vaugb 
General Hospital at Hines, Illinois. The dot 
tion represents overtime earnings of employ, 
on D -Day, and the company's fund set as 
for the workers' annual picnic which they vol 
cancelled this year. 

PHILIP F. SILING OF FCC JOINS RC 
Philip F. Siling, assistant chief engineer 
charge of broadcasting, Federal Communicatic 
Commission, Washington, D. C., has been 2 

pointed engineer -in- charge of the freemen 
bureau of the Radio Corporation of Ameri. 
effective October 1. 

In his new post, Mr. Sfling, who has be 
associated with the FCC for rine years. v 
handle matters pertaining to frequency alla 
tions and licenses for RCA. its subsidiari 
and services. 

Mr. Siling will maintain offices in the Rt 
Building, 30 Rockefeller Plaza, New York. a 
at 1625 K Street, N. W., Washington, D. 
The duties of the engineer -in- charge of i 
RCA Frequency Bureau have been administet 
b., Dr. B. E. Shackelford since the post a 
relinquished two years ago by Dr. C. B. J 
liffe, former chief engineer of the FCC, 
become chief engineer of the RCA Victor D 
ision, Camden, N. T. Dr. Shackelford a 
retain general direction of the Bureau's acti 
ties. C. E. Pfautz is manager of the N. 
York office of the Bureau. 

* * * 

REX MUNGER RETURNS 
TO TAYLOR TUBES 
Rex L. Munger has returned to his old 
with Taylor Tubes, Inc., 2312 Wabansia Av 

(Continued on page 78) 
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HOGARTH DOESN'T MIND-HE'S USED TO HAVING 

A CROWD AROUND HIS ECHOPHONE EC -1 

ECHOPHONE MODEL EC -1 

(Illustrated) a compact communications receiver 

with every necessary feature for good reception. 

Covers from 550 kc. to 30 mc. on 3 bands. Elec- 

trical bandspread on all band's. Six tubes. Self - 

contained speaker. 115 -125 volts AC or DC. 

ECHOPHONE RADIO CO., 540 NORTH MICHIGAN AVE., CHICAGO 11, ILLINOIS 
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A 

VETERAN WIRELESS OPERATORS ASSOCIATION NEWS 

W. J. McGONIGLE, President RCA BUILDING, 30 Roczeíeller Plaza, New York, N. Y. GEORGE H. CLARK, Secretary 

Personals 
ARETIRED Chief Radioman of 

the United States Navy, more 
recently a supervisor in the 

broadcast program department of the 
American Telephone and Telegraph 
Company, is back in the front lines 
as a USN Chief Radioman. We art 
ererring to Fred McDermott, CRM 

USN, who wishes to be remembered 
to all the boys and requests them 
to keep the home fires burning. 
Fred's address is Navy 1925 C/O 
Fleet P. O. New York, N. Y. . . 

Willard S. Wilson, our resident agent 
in Delaware, is now Major Wilson, 
Communications Officer of the Tenth 
Air Force in India. Good luck, Wil- 
lard ! . . . Jack Poppele states that 
Robert Cooper of Cincinnati desires 
information on membership in our As- 
sociation. . . . We are reserving a 
Year Book for Harold D. Kaulback of 
the Bureau of Ships, Navy Depart- 
ment, Washington, D. C.... Glad to 
see Jim Maresca, one of our first As- 
sociation secretaries, at our recent din- 
ner- cruise -in New York. Jim is back 
in the Signal Corps down Jersey way. 
He was in there pitching in the last 
war, too.... An interesting letter has 
come in from T /SGT Preston L. 
Stocum, now an instructor at the Sig- 
nal Corps School at Camp Crowder, 
Mo.... Glad to welcome R. J. Iverson 
of the New York Times staff back 
into our activities again. . . . "Bill" 
Simon, treasurer and executive sec- 
retary, gratefully acknowledges the 
splendid cooperation of the majority of 
our membership in bringing their dues 
up to date. Did you ? ... We noted 
with interest that a memorial, honor- 
ing the graduates of the Maritime Ser- 
vice Radio Training Station at Gallups 
Island who lost their lives in the ser- 
vice of their country, was dedicated 
at the station recently. Commander 
Sherman W. Reed, the superinten- 
dent, paid tribute to the bravery of 
the nineteen men. . . . "Bill" Beakes, 
VWOA life member, continues to en-, 
joy the splendid Florida weather... . 

Jack Poppele, chief engineer of 
WOR, was recently appointed con- 
sulting radio engineer to . the New 
Jersey State Police. . . . From Cap- 
tain P. H. Boucheron, USNR, we've 

The late William A. Winterbottom, life member 
of VWOA, who was awarded posthumously, 
the Signal Corps Certificate of Appreciation for 
his services to the U. S. Army Signal Corps. 

received a letter, saying in part : 

"Sorry couldn't be there on the 27th 
of April since I just received your 
note and it is a little too far -9,000 
miles from New York: Regards and 
best wishes to all." ... Harold Ellis, 
formerly of the Tropical organization, 
is now stationed at the Mare Island 
Navy Yard.... Our sincere sympa- 
thies to member Wm. W. Pearson on 
the recent loss of his wife.... Look- 
ing back, Tom Stevens, life member, 
notes ; "It looks as though all the old 
ships on which I served as Sparks are 
doomed. The Merida lies deep off 
Hatteras, the Harvard was wrecked 
out here on the Pacific Coast, and 
now the City of Atlanta has been 
sunk." . . . Martell E. Montgomery, 
one of our oldtimers, is now chief 
communications engineer, Reconstruc- 
tion Finance Corporation, Deteuss 
Supplies Corp., American Republics 
Aviation, with headquarters at Rio de 
Janiero, Brazil. He received his first 
class operator's license in 1922, and 
has held on to it ever since.... Peter 
Podell, one .of VWOA's best friends, 
is now an FCC Intercept Officer of 
New York. "Pete" began his radio 
career in 1913 as radio operator for 
the Marconi Wireless Telephone Com- 
pany. In World War I he served as 
chief radio mail in the United States 
Navy. Two of his boys are now in the 
Armed Forces, one being a sergeant in 
the Signal Corps, and another a tech- 
nical sergeant in the Ordnance De- 
partment. . . . Edward J. Content, 
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veteran VWOA man, and in radii( 
since 1917, was with the Rainbow Di. 
vision of the Army and later was it 
the Coast Guard.... Oliver W. Pen. 
ney, master control operator o', 

WMCA, entered radio to avoid 
dental career, and it took. . . . Jin, 
Maresca, a charter member, is no 
with the Signal Corps at ,Belmar 
N. J with 33 years of radio am 
sound. He was also in the Signa 
Corps during World War I.... E. D 
Van Duyne, in radio since 1919 whet 
he started with A. H. Grebe, is now 
with RCA as a field engineer. . . 

"Bill" Simon, our treasurer, was musc 
tered out of the Marine Corps it 
1920 as a Technical Sergeant and has 
been with Tropical Radio these many 
years. . . . Dick Sanford, a former 
wireless operator, is now a songwriter 
and member of American Society of 

Composers and Publishers. 

In Memoriam 

II-LIAM" A. WINTERBOT 
TOM, old -time wire and cable 
operator, and vice president 

and general manager of RCA Com. 
munications, Inc., died recently. Only 
a month before his death, he had cele. 
brated his thirtieth anniversary of as. 
sociation with the radio communica- 
tions industry. He joined the Mar. 
coni Wireless Telegraph Company of 

America on June 1, 1914. 

He was an active life member o 
the Veterans Wireless Operators As- 
sociation. He always saw to it tha 
his company was represented in ever} 
way in the Association's activities 
whether it be on the pages of th( 
Year Book, or at the gatherings o 
old- timers from year to year. 

The Signal Corps awarded hin 
posthumously the Certificate of Ap 
preciation, for his "services of im 
mense value" to the United State: 
Army Signal Corps. 

The presentation was made at th( 
RCAC offices, 66 Broad Street, bi 
Col. Jay D. B. Lattin, Signal Offices 
of the Second Service Command, t' 
Mr. Winterbottom's son, Arthur W 
Winterbottom, manager of the Plan 
Valuation Division of RCA Commu 
nications. 

Truly, indeed, we mourn his loss. 
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WHERE TOMORROW MEETS TODAY 

up there 
above the clouds 

the Dreams of Tomorrow 
are being proven 

today 

SOARING COMBAT PLANES sing a song of the future: to 

equipment and efficiency they far outstrip normal peace -time 

ambitions. They are born of the grim challenge of war for new and 

ever -improved electrical design. 

Vision and inventive genius are required to originate such new 

developments, and in this field Small Electric Motors (Canada) 

Limited have been privileged to make important scientific contri- 

butions. Out of the experience gained today by forward -looking 

firms like this, substantial benefits will accrue to the world of 

tomorrow. 

At the moment, Small Electric Motors is in full production for 

Victory but in the post -war field of electrical equipment the 

influence of this aggregation of creative engineering minds will 

also be recognized for specialized services of a high order. 

DESIGNERS 
AND MANUFACTURERS 
Of All Types of Precision 

Electrical Apparatus 
Including: 

D.C. Sc A.C. Motors for 
Specialized Purposes 
Aircraft Generators 

Aircraft Engine Starters 
Alternators 

Motor Generators 
Electric Pumps 

Motors with Governors 
Gyros, etc. 

SMALL iic7Jkoïs 
_ E A S I D E 

(CANADA) LIMITED 
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PORTABLE POWER 

PROBLEMS 
No. 4- Veneer Drying Control 

Photo- Plerwood, Inc. 

FAMOUS ALL -WOOD 
"MOSQUITO" of the 
Royal Air Force is 

of tough, durable wood veneer -_ made 
to a rigid engineering specification. The 
physical characteristics of this veneer 
must be as uniform as metal. Most vital 
step in production is the drying where 
precision control of moisture content 
assures its stability and strong cell struc- 
ture ... guarded by electronic moisture - 
meters powered by Burgess batteries. 

SPECIAL- PURPOSE BATTERIES have always 
been a specialty of Burgess engineers. 
Puzzling problems of size and operating 
characteristics dissolve in their expert 
hands ... your problem will be welcomed. 

FREE.. ENGINEERING HANDBOOK 

80 -page manual of basic data and char- 
acteristics of dry batteries for all electronic 
applications. Tabbed for ready reference. 
Write Dept. 6 for free copy. Burgess 
Battery Company, Freeport, Illinois. 

BURGESS BATTERIES 
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THE INDUSTRY OFFERS... 
CARTER MULTI- OUTPUT DYNAMOTORS 

multi- output dynamotor has been developed by the Carter Motor Company, 1608 Milwaukee Avenue, Chicago. 

It it 

SOLA CONSTANT VOLTAGE 
TRANSFORMER 
A hermetically sealed constant voltage trans- former for chassis mounting, has been an- nounced by Sola Electric Company, 2525 Cly- bourn Ave., Chicago 14, Ill. 

Rated at 6.3 volts, 17 va output, manufac- turer says that unit will maintain value within ± 1% regardless of line voltage variations as great as ± 12 to 15 %. 

. 
CURTIS FEED -THRU 
Feed-thru terminal blocks consisting of indi- vidual feed -thru terminals, molded in bakelite, permanently held in a metal strip and having any number of units between 1 and 16, have 
been announced by Curtis Development and Manufacturing Company, 1 No. Crawford Ave- nue, Chicago, Illinois. Factory is in Milwau- 
kee, Wisconsin. 

Terminals are said to have ample clearances 
and leakage distances for circuits carrying up to 300 volts, 20 amperes. Center -to- center dis- tance between terminal units is W. No. 8 screws are used on each side of terminal units 
for securing connection. The two mounting 
holes at each end of the terminal base take 
No. 8 machine screws. 

Blocks with any terminals needed can also he supplied. 

TERMINALS 

E. I. SEALED LEADS 
Hermetically sealed leads constructed of pyrex 
glass with Kovar electrodes and Kovar metal 
collars have been announced by Electrical In- 
dustries, Inc., 42 Summer Ave., Newark 4, N. J. 
The pyrex glass is said to assure high dielec- 
tric strength, immunity to any reasonable 
thermal or mechanical shock as well as free- 
dom from absorbtion of moisture and humidity. 
The surface of the glass insulator is such as 
to provide maximum water shedding proper- 
ties. 

The pyrex glass and Kovar metal are said 

w romp an absolutely gas and moisture tight to form gas and moisture tight chemical bond, so that internal gas pressure may be main- tained in units employing these loads. 

4 

. 
ANDREW COAXIAL PLUGS AND JACKS 
Coaxial plugs and jacks with built -in sliding 
sections, to simplify disassembling and solder- ing have been produced by Andrew Co., Chi- cago, Ill. 

Plugs and jacks are machined from bar brass stock. Inner conductor contacts are silver plated to give maximum conductivity. Insula- tion is Mycalex. 

. -. 

n e = -tsR-- 
JENNINGS VACUUM CONDENSERS 

acuum type condensers with capacity ranges 
of 50, 75, 100, 150, 200, and 250 mmfd, are now 
available from Jennings Radio Mfg. Co., San 
Jose, California. Known as the VC -50 and ' 
VC-250 types, the condensers have a maximum 
voltage peak of 20,000; maximum current, peak, 
60 amperes. Frequency range is said to be 60 
cycles to u -h -f. Has a ferrule type mounting. 
Other features include zero power factor, no 
cold emission, and plug -in bases. 

. . . 

NATIONAL INSTRUMENT TIMETER 
An electrically operated counter to automati- 
cally register the total number of hours that 
an electrical device or motor driven machine 
has been in operation is now available from 
National Instrument Co., 246 Walnut St., New - 

tonville, Mass. 
A small slow -speed self- starting synchronous 

motor drives a set of numbered wheels through 
a gear train. 

Size: 3 9/16" x 3 1/4" x 2 1/8 ". Registration of 
99,999.9 hours, maximum is said to be possible. 
Right hand figure reads tenths of hours. Can 
be supplied to read minutes and tenths. 

For 100 -125 volts, 60 cycles, L watts; other 
voltages and frequencies can also be supplied. 

Can be also supplied with a relay for special 
applications, such as measurements of direct 
current devices, flow of gases or liquids in 
pipes, motions. e. g.. conveyor belts. 

PRECISION PAPER TUBE 
COMPANY MANDRELS 
Approximately 750 mandrels, small to large, for 
the forming of round, square, and rectangular 
dielectric paper tubes, as coil bases, are in- 
cluded in a new list just issued by Precision 
Paper Tube Company, 2023 West Charleston 
St., Chicago 47, Illinois. 

This new list of mandrels provides for prac- 
tically all sizes and shapes, any length, any 
i -d or o -d, of tubes made to specifications. of di- 
electric kraft, fish paper, cellulose acetate, or 
combinations. 

FIBRON PLASTIC TAPE 
A vinylite plastic tape, "Fibron," has been an- 
nounced by Irvington Varnish & Insulator 
Company, Irvington 11, N. J. It is used for 
insulating wires, cables and electrical equip- 
ment; for splicing cables; and for protecting 
wiring, piping, and equipment exposed to cans- 

(Continued on page 84) 
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The complex power supplies of war apparatus require components of maxi- 

mum dependability. The unit illustrated is a typical power transformer for 

cathode ray application. In addition to the tapped primary, this unit provides 

a low voltage filament winding ... a 5,000 volt anode supply winding ... 
and a filament winding insulated for 15,000 volts peak inverse. 

For hermetic sealing this unit employs an all metal enclosure . . . glass 

seal terminals . . . sealing compound which neither cracks nor flows from 

-55 °C to + 130 °C. 

May we cooperate with you on design savings for your applications...war or postwar? 

150 VARICK STREET " NEW YORK 13, N. Y. 

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.. CABLES: "ARLAB" 
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Take the limited frequency 

range of the average single 

unit speaker ... increase it 

to 15,000 cycles plus ... ex 
tend and smooth the bass 

response ... and you have 

the more efficient method 

of sound reproduction de- 

livered by the Altec Lansing 

multi -cellular Duplex 
speaker. Its a small, com- 

pact two -way speaker with 

a 60° angle of horizontal 

distribution...which for the 

first time in history, revo- 

lutionizes the methods of 

sound reproduction. 

SEND FOR BULLETINS 

1210 TAFT BLDG., HOLLYWOOD 28, CALIF. 
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PRE -FLICHT COMPASS TEST 
Continued from /loge 35) 

tenna of 30 -mmfd capacity and 0.25 - 
meter effective height. This condition 
cannot be readily determined by meas- 
urements on the test set -up on the air- 
craft as referred to in Figures 1 and 
2. The oscillator output and sense 
voltage value can be readily adjusted 
to the optimum value by using avail- 
able circuit functions and a dynamom- 
eter type meter. The particular type 
referred to is that which is generally 
used with the left -right type radio 
compass. The 1/r indicator is con- 
nected in the automatic compass cir- 
cuit in place of the loop director cir- 
cuit, i. e., in place of the thyratron 
circuit. This can be easily accom- 
plished in an installation where the 
circuits are designed in separate units 
and the interconnection cables can be 
intercepted at the terminal junction 
box. The circuits may also be inter- 
cepted by use of adaptor cable plugs. 
More specifically the temporary test 
hook -up consists essentially of con- 
necting one of the two 1,/ r meter coils 
to the 48 cps source and the other coil 
to the output of the compass amplifier 
tube. Based upon the aforementioned 
field strength, the 1/r meter will give 
full scale deflection for 6° rotation 
(within 1°) of the loop antenna from 
the homing position, i. e., rotation of 
the loop antenna from 0° (homing) to 
6° or 7° for a full left meter deflection 
and likewise for a full right meter de- 

Election. During this calibration to 
we must make sure that the aircr 
supply voltage input is of norm 
value. Low battery voltage will gi 
erroneous readings. ( Receiver sensi 
tivity varies with input primary pow 
and is apt to occur when external bat' 
tery is used. During flight the dua 
generators and voltage regulator, 
maintain a constant supply.) For ex 
ample, with all other factors being 
correct, a drop in battery voltage o 
12 to 9 volts will result in a 6° to 
37° rotation of the loop antenna t( 
give full deflection of the 1. r indicator 
For reference, a curve expressin 
quantitative values for a specific con 
dition is given in Figure 5. ( Norma; 
operating voltage is 14, however for, 
ground test a 6-cell battery is used 
hence the reference to 12 volts.) 

This method of calibration was ar- 
rived at by making a series of tests on 
a comparison basis with the model oÁ 
the test oscillator on the aircraft, t 
the equivalent test made in the radio 
compass screen room in conjunction 
with the 1 r meter. A field- strengtllt 
value determined in the screep coon 
can be duplicated on the aircraft with 
the required degree of accuracy for the 
overall compass installation check. 
The important factor here is that for 
a specified µv /m, the full scale Pr, 

(Continued on page 66) 

Figure 5 

For one specific test 
condition, the de- 
gree rotation of the 
loop antenna ( 1000 
µv /m) to give full 
scale l/r indicator) 
deflection as a func- 
tion of input supply 
volts to the compass 
equipment. pest 
voltage reference is 
usually 12. The 
equipment is de- 
signed for operation 
on a normal supply 
of 14 volts, which is 

the voltage deliv- 
ered when aircraft r 

generators are 
operating. 
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HIC WILL BE READY 

with TYPE BW INSULATED 

WIRE WOUND RESISTORS i 
At the first indication of lessened demand by 

the Armed Services, I R C will be in an excel- 

lent position to immediately supply industry's 

requirements for resistors of all types. That I R C 

units will be available in ample quantities on a 

favorable price basis is assured because we have 

developed and are operating on a mass produc- 

tion basis the world's largest resistor plants. 

RESISTOR PROBLEMS WELCOME 

Feel free at all times to consult with us on your 

peacetime product design plans involving 

resistances. You can be certain of un- 

biased engineering counsel and secure 

in the knowledge that the subject 

matter will be held inviolate. 

FOR 

CHECK THESE FEATURES OF TYPE BW WIRE 

WOUND RESISTORS 

1. Completely insulated wire wound of standard 
1/2, 1 and 2 watt sizes. 

2. Resistance values: 1/2 watt from .24 ohms to 

800 ohms; 1 watt- from .5 ohms to 5000 ohms; 

2 watt-from 1.0 ohms to 8000 ohms. 

3. Have wire wound stability and are physically 
interchangeable with carbon types. 

4. Available in matched pairs to 1% or 2% 
for close -tolerance, high- stability applica- 

tions. 

5. Element is space wound with cop- 

per- nickel or nichrome bare wire 
securely crimped and molded 

integrally with leads. 

PERFO 

RC makes more types of resistance units, in more shapes, for more applications than any other manufacturer in the world. 
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OR SERVICES WELL RENDERED, I THANK 

THE MEN AND WOMEN WORKERS OF THE 

ELECTRO -VOICE MANUFACTURING COMPANY 

WHO HAVE BEEN AWARDED THE "E" BY THE 

ARMY AND NAVY OF THE UNITED STATES. 

PRESIDENT, ELECTRO -VOICE MANUFACTURING CO., INC. 

Sleetko.I:t:ce MICROPHONES 
EIECTRO -VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE, SOUTH BEND 24, INDIARA 

PRE - FLIGHT TESTS 
(Continued front page 64) 

meter deflection is a function of loop 
antenna angular displacement from 0° 
(homing position). It is evident that 
use of the l/r meter as a medium of 
calibration -oscillator output, for a 
given lt.v /m when made on the plane, 
will take in account the actual loss fac- 
tors existing in the aircraft test set -up 
without the necessity of actually meas- 
uring them; in Figure 2, for instance, 

e r -f loss in the beacon antenna 
actin. 
"Known and controlled values within 

required limits of the loop antenna 
field strength as well as sense -antenna 
effective height are available in a 
screen room set -up. Briefly, the screen 
room set -up comprises a transmission 
line located directly above the center 
of the loop antenna. One end of the 
line is connected to .a signal generator. 
The other end of the line is terminated 
to the shield of the room through a 
resistor equal to the characteristic im- 
pedance of the transmission line. For 
a given set of conditions, including 
distance of loop antenna center to the 
transmission line, and the distance of 
the line from the tò p shield and 'bot- n 
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LINE 

''.SENSE COUPLING 

.- -SENSE 
ANTENNA 

(o) 

(c) 

Figure 6 

il 

The 1/r meter deflection for a given fiel e 
strength is a function of the loop antenna t sense antenna voltage ratio, i. e., same deft 'I 
tion may be obtained for two entirely differed e 
field strength values by juggling of height e 
sense antenna or coupling from the line to th 
loop antenna. Condition (a): A selected valu 1, 

of overall receiver gain must be maintained, a ' 
well as a standard reference spacing of the looi 
antenna center to the line. Condition (b): Th+ 
carrier amplitude is decreased when sens 
coupling is decreased. Thus the percentage o 
modulation is increased. Therefore, the angula 
change of loop antenna position is less for i 

given l/r meter deflection. Condition (c) : Af 
the distance between the loop antenna and thl 
line is increased, the loop coupling voltage 
decreased. The result is a reduction of 48 cpi, 
side band amplitude. Therefore, the percentage 
of modulation is decreased and a greater angular 
loop antenna displacement is required for i 

given 1/r meter deflection. 

tom shield of the screen room, the 
p.v/m field strength can be determines 
by a constant multiple of the signal 
generator attenuator scale reading. 
This condition would be very difficult 
to duplicate on the aircraft and for 
that reason it is better to work from a 
comparison basis. The l/r meter waf 
found to be an ideal tool to do the job. 

The l/r test instrument in complete 
form is shown on pages 33 and 68. De- 
signed especially for use with the Ben-, 
dix MN31 radio compass, it is only 
necessary that the MN31 loop -director 
cable plug be connected to the adaptor 
cable plug assembly. Mounted on the 
panel are the l/r meter, supply line in- 
put meter, a selector switch for auto- 
matic radio compass or 1/r meter, op- 
eration and a loop antenna rotator 
switch. The latter permits remote ro- 
tation control of the loop antenna at 
desired -rate of speed and direction. 
(The l/r indicator circuit presented 
here is not to be considered as an 
adoption of .a l/r compass for navi 
gational purposes.) 

In the 1/r indicator, when loop an- 
tëina is in the null position, the meter 

e 

ei 

ut 

T! 

te 

ou 

ou 
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TF 
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em 

er 
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cating needle is centered. When i n 

loop antenna is rotated to one side 
he null, the meter is deflected from 
center in one direction and a re- 

used deflection occurs when the loop 
!enna is rotated in the opposite di- 

tion from the null. This means that 
meter is sensed so that the center 

ition of the dial represents the air - 
e nose. A left meter deflection 

icates that the signal direction is 
roaching from the forward left of 
plane of the loop antenna, and a 
t deflection indicates when the 
al direction is from the forward 
t of the plane of the loop antenna . 

signal arriving at the back side of 
loop antenna (other than null) will 

e a reverse indication. From this 
can see that with a meter deflection 
osite to the direction of loop an- 
na rotation the source of signal is 
m a forward point. Conversely a 

er deflection that follows the same 
ection of the loop antenna rotation 

0. 
icates that the signal source is to 
rear. This is based on reference 

the azimuth reading as to the front 
e of the loop antenna. This is not 
be confused with the old standard 
se used prior to 1939 which is now 
olete. The present standard was 
pted to conform with the aeronau- 

al flight instrument standards. 
ese are . . "to fly into the' indica- 

m" for the correction. For example, 
en the airplane heading is 30° and 
directly toward the radio transmit- 
, the l/r needle is at center point of 

scale. If the airplane heading is 
1.1 ered to 45° (15 degrees to right of 
vi . station) then the 1/r indicator 

es a left deflection. The signal 
rce is to the forward left of the 

ne of the loop antenna. For a cor- 
tion, to again fly a heading toward 
station, the heading is altered to 
left ... "fly into the indication, to 

im ter the meter." 
he l/r test instrument is quite 

satile, in that it can be used to iso- 
e a loop antenna, antenna relay, 
ate loop antenna transmission line 
uble from loop director or autosyn 
uble, when symptoms of incorrect 

)a se are given. 
g he fixed coils in the circuit, Fig - 
auf' - 4 (terminals 1, 3, 5 of the dyna- 

cro' mmeter type l/r indicating meter), 
41 - resonated at- 48 cps. When con - 
itr ted in the circuit by SWl it be- 

lay es the oscillator tuned circuit of 
ßrú and replaces the tuned circuit of T5. 

le latter is in operation when the 
ltomatic compass is used. The conl- 
iss amplifier output is connected to 
to moving coil (terminals 2 -4). This 

um 
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(Continued on page 68) 

Final test- Remler marine amplified 

sound transmitting equipment 

REMLER Is EQUIPPED with facili- 

ties for the mass production of complete 

announcing and amplified sound trans- 

mitting equipment; radio; plugs and con- 

nectors. Skilled technicians and vigilant 

inspectors check and re -check final prod- 

ucts to meet rigid specifications. The fa-. 

cilities of this organization backed by 

twenty -five years of experience in the 

manufacture of electronic products and 

plastics, is at your disposal for further 

assignments. 

Wire or telephone if we can be of assistance 

REMLER COMPANY, LTD. 

2101 Bryant St. San Francisco, 10, California 

PLUGS & 

CONNECTORS 
Signal Corps and 
Navy Specifications 

Types: 

50 -A 61 

54 62 

55 63 

56 64 

58 65 

59 67 

60 68 

74 

.76 

77 

104 
108 

109 

112 

PL 
114 
119 
120 
124 
125 
127 
149 

150 
159 
160" 

291 -A 

354 

PLP PLQ PLS 
56 65 56 65 56 64 
59 67 59 67 59 65 
60 74 60 74 60 74 
61 76 61 76 ,61 76 
62 77 62 77 62 77 
63 104 63 104 r 63 104 

64 64 

NAF 
1136 -1 No. 212938-1 

Other Designs to Order 

REMLER 
SINCE 1918 

-Onnouncin9 S communication 4uipment 
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WANTED 

SENIOR ENGINEER 
with at least seven years industrial experience in important 
electronic research and development work. Capable of 
executing important assignments from development to 
finished products. 

JUNIOR ENGINEERS 
with sound educational background and at least one year's 
experience in factory or engineering departments. 

RADIO TECHNICIANS 
with factory or model shop experience in building test 
equipment on production testing electronic equipment. 

MECHANICAL ENGINEER 
preferably experienced in electronic field. 

PRODUCTION MAN 
experienced in setting up and supervising production lines. 

These positions offer unusually good permanent opportunities -top 
compensation commensurate with qualifications- congenial, progres- 
sive organization with new and one of the best equipped laboratory 
and factory facilities in the industry. Interesting work on most 
advanced type of military communication equipment now and broad 
field of quality radio- phonograph and industrial electronics after 
V -Day. Please write detailed qualifications, including availability, if 
not occupied to full extent of ability in war work, to Dept. F 

THE MAGNAVOX COMPANY 
Fort Wayne, Indiana 
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supplies the 48 cps modulated sig 
For a loop antenna position at of 
than a null, the moving coil 48 
phase relation to the fixed coil, det 
mines the direction of deflection of , 

meter. With the loop antenna at 
null position the moving coil does 
receive a 48 -cps modulated signal v 
age and the 1/r indicator is center . 

For, reason of safety, it is necess° 
to provide a departure check of 
aircraft's radio compass when 
plane is in the clear on the engine ri, d 

up ramp. During this check the 
curacy of the radio compass is a l' 

served by taking bearings on two 
more stations. This is done by sett 
the azimuth dial index to the ma d 

netic compass heading. The bear: c 

accuracy is determined by compari 
it with the known bearing from 
run -up ramp being used, to the ra, 
station to which the receiver is tun 
The engine run -up test is made shore 
before the trip departure time. 
avoid a plane departure delay, it à 

e 

obviously an advantage to determ 
whether a radio compass installati 
defect exists long before the plane! 
scheduled to be towed to the run 
ramp. This requirement prompted it 

development of this radio compass t 
oscillator device. At any convenid 
time during the service period, rega3. 
less of whether the plane is in 
hangar or not otherwise in the cld 
of metal objects, the test oscilla 
used in conjunction with the tral 
mission line will permit a radio ca 
pass overall installation test. It 

o 

I 

At left, below, internal view of the o! 
lator unit. Battery power supply is helc 
place by clips and these clips on the 
allel A battery also serve to make cir 
connections. Below, 1/r test instrument 
interconnecting cable. On the panel 
the l/r meter, and the input line me 
The controls are sw/ two- position func 
switch and the 1/r loop antenna rotator 
irol. Cable plug adjacent to unit plug is 
grammed in Figure 4 as PI; P3 is the 
foreground plug, and the P2 plug 

mounted on conduit box. 

at 

lo 

na 

Iris 

aft 

to 

he 

re 
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influenced by external effects. 

i equipment deficiencies and the 

ing can readily be determined 
lis device : (1)- correct sense 
g of compass component; (2)- 
.l indicator needle hunt; (3)- 
1 performance and in particular 
11 seeking ability of the compass; 
check for correct sense and loop 
is cable connections; and (5)- 
t autosyn indication. 
h reference to the latter, it has 
found that a spinning needle is 

o an autosyn rotor slip ring 
having intermittent contact. A 
ve angle indication is usually 
I by reversed phase stator wind - 
onnections ; an indication over 
Ire, only, is most likely due to an 
tator phase winding. A normal 
ing indication of the autosyn in- 

with abrupt 180° ambiguity 
be due to open rotor circuit. It 
reviously mentioned that some 

above referred -to symptoms will 
ibited solely because of the near - 
f metal objects or ground wires. 
fore the trouble should be double 

ed to make certain that it is not 
d by a source external to the in- 

tion. 
e approved type aircraft radio 
ass, even though it is in the class 
)mplicated apparatus has proved 
e remarkably free from defects. 
ever, the need for a thorough per- 

. ance test is apparent since it is a 

=nized fact that the compass, as 
any type of equipment, is subject 
lfunctioning because of operating 
tions encountered. These condi- 
may be extreme variations of 

erature and pressure as well as 
tion and humidity which con - 

.0 to to deterioration of components. 

graphy 
ebb and Essex, Automatic Radio Compass, 
autical Engineering Review, Nov., 1942. 

ward K. Morgan, Aircraft Radio and 
ical Equipment, Pitman Publishing Co. 

S. Bond, Direction Finders, McGraw -Hill 
Co. 
E. Terman, Radio Engineers Handbook, 

tion Finding, page 873, McGraw -Hill 
Co. 
arles M. McKee, Radio Compass Calibra - 
COMMUNICATIONs, March 1943. 

fety regulations require that air - 
while on the ramp or in the hangar 
uipped with a ground wire in a man - 

to prevent existence of difference of 
tial between the aircraft and ground. 

he test oscillator design and test pro - 
re described was devised by Eastern 
Lines Communications Department. 
basic idea is shown in the Sperry 

io Compass instruction book. The 
dard radio compass screen room test 

t.edure is given in Bendix Radio Test 
iolication Notes and also on page 146, 

thuiples of Aeronautical Radio Engi- 
owing by P. C. Sandretto, McGraw- 

Book Co. 

NOTE THESE 

ADVANTAGES OF 

B aW "AIR WOUND" 

CONSTRUCTION 

Weigh less 

Mount easier 

Less susceptible to 

damage 

Offer greater design 
adaptability 

Wound to uniform 
pitch 

Exceptionally low 
dielectric loss 

...BIG or LITTLF... 

STANDARD or SPECIAL 
Here you see a large B &W low- frequency 

variometer -type inductor,tailor -made for a 

war equipment application, compared in 

size to the B &W 75 -watt "Junior" of ama- 

teur radio fame. If a 25 -watt "Baby" were 

put in the picture you'd hardly see it- 
and some of the new coils just coming off 

B &W production lines are many times 

smaller than that ! 

The point is that B &W offers inductors 
In the broadest assortment of shapes, sizes, 

and types on the market today. Whatever 
your requirement, write for recommenda- 
tions and suggestion". 

BARKER & WILLIAMSON 
235 FAIRFIELD AVENUE UPPER DARBY, PA. 

Export: LINDETEVES, INC., 10 Rockefeller Plaza, New York, N. Y., U. S. A. 
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.l. 
POW ER 
RHEOSTATS 

* Tens of thousands of these Claro- 
stat power rheostats are in daily 
use. They are standard equipment 
in many fighting and civilian planes, 
as well as in radio and electronic 
assemblies generally. They are 
proving that they can take it -and 
then some. Available in 25 and 50 
watt ratings. 1 to 5000 ohms for 
the smaller, 1/,2 to 10,000 ohms for 
the larger unit. 

* Write for Literature . . 

Descriptive bulletin on request. Submit your 
requirements for engineering collaboration 
and quotations. 

IIAROSTAT MFG. CO., lac. 2850 N.601 St., Brooklyn, N.T. 
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RESISTIVE NETWORKS 
(Continued from page 56) 

basis treatment of networks, the ter- 
minations are of such values that look- 
ing either way at each of the terminal 
ends, the impedance seen is the same 
as that which would be provided by an 
infinite series of such networks con- 
nected in tandem. 

The development of pure resistance 
networks may conveniently be made by 
means of matrix theory. And under 
conditions of proper methods of com- 
bination and the use of ideal trans- 
formers, networks having physically 
realizable constants in the majority of 
cases may be realized,.. The main field 
of usefulness of the matrix theory, 
where purely resistive networks are 
concerned, is that it enables us to corn- 
bine several networks together in sym- 
bolic form to obtain a single network 
which will give the equivalence of the 
combination. A great saving in time 
of manipulation of network equations 
is generally obtained because of the 
compression of the mathematical forms 
of the mesh equations. It provides a 
powerful tool for analysis purposes, 
and the answers to many problems may 
be arrived at by matrix transforma- 
tions without the actual necessity of 
making many and laborious calcula- 
tions. However, since the present 
paper deals with single networks rather 
than groups of them in combination, 
the matrix forms will not be utilized. 

The use of various theorems is very 
helpful to the network design engineer 
for purposes of analyses, ana generally 
permit considerable simplification of 
many complex circuits into more man- 
ageable forms. However, the design 
of most commonly known and stard- 
ard forms of purely resistive attenuat- 
ing networks fortunately require only 
a few theorems to provide all of the 
tools necessary for the majority of ap- 
plications. 

Equivalent Networks 

The most useful transformations to 
the amateur, experimenter, sound stu- 
dio and radio broadcasting engineer 
are those which- transform one type of 
network to another, in order that more 
convenient and perhaps more econom- 
ical commercial values of resi :tans: es 
may be used for either very high or 
very low values of attenuation. 

A to T and T to Tr Transformations 

The T network of pure resistance 
type is equivalent at all frequencies to 
the a network shown in Figure 1, 
when the parameters have the values 
in Figures 2 and 3, as developed from 

ARPIN 
RECTIFIER 

MERCURI 
VAPOR 

HALF WAIT 

575-A' 
FOR HIC 
VOLTAG 

áor 

HIGH POWER 
TRANSMITTERS 

INDUCTION HEATING 
EQUIPMENT 

SPECIAL INDUSTRIAL 
APPLICATIONS 

575 -A is a heavy -duty half -wave rectifier tt 
of exceptional performance. Filament of ed wise wound ribbon of a new alloy, giving grew 
thermionic emission reserve. No arc -back at f rating. Used by Signal Corps and many la 
manufacturers. Two tubes tor full -wave re( !nation in single phase circuits deliver 5000 vo 
DC at 3 amps. with good regulation. Filam 
5 volts, 10 amps. Peak Plate Current 6 am 
Peak Inverse Voltage 15,000 volts. 

Write for . . . 

NEW CATALOG 
illustrating and describing the ARPIN 575 
and other tubes in the ARPIN line. IMM 
DI ATE DELIVERY on all types. 

ARPIN MANUFACTURING CC 
422 Alden St. Orange. N. 

ELECTRONIC EQUIPMENT 

QUARTZ CRYSTALS 

L 

u 

MANUFACTURING 

ENGINEERING 

DESIGNING 

TO ORDER 

REX BASSETT 
I N C O R P O R A T E D 

FORT LAUDERDALE 
FL O R I DA 
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he theory provided in equations 1 to 
t4 inclusive. 

It should be noted that the transfor- 
'nations and formulae which follow 
throughout this series are perfectly 
;eneral, and apply to networks having 
)arameters or elements with imped- 
nces which are functions of a corn- 
lex variable, as well as to resistances 
hich are functions of a real variable 

il! vhich is a special case of the complex 
ariable, in which the imaginary com- 
onent equals zero. However, this fact 
ill not be stressed in this paper be- 

ause the elements of the networks con - 
idered here are assumed to be purely 
esistive over a frequency range ex- 
ending into the megacycles. When the 
ange of frequencies extends into the 
ltrahigh frequencies, special tech - 
ique must be used, as the element 
hich may resemble a pure resistance, 
ith zero phase angle at a relatively 

ow frequency, becomes a complex im- 
edance at some higher frequency. 
his means that each resistance taken 
s a single unit becomes a highly corn- 
lex network when the frequency is in- 
reased to a sufficiently high value. 

Self capacitance and lead inductance 
effects, as well as capacity to ground, 
then enter into the problem of design. 
It should not be interpreted by these 
remarks that the capacity to ground is 

of no importance in low frequency 
work, for this is far from being the 
case, especially if the level at which 
the networks are operated is low and 
high gain is required for an amplifier 
following the network. 

fir 

di 

1 lr, 

If 

+r r 

nl 

i 

!It 

r to T Transformation 

The impedances looking into ter- 
minals 1 and 3, 1 and 2, and 3 and 4 

of both the T and a networks of Fig- 
ure 1 must be equal if equivalence is 

to exist at all frequencies. Therefore 
we must have 

b(a -1 -c) b(a+c) 
-1-v= 

a-l-b-l-c 
a( b-l- c) a( b-l- c) 

l-w= _ 
a-l-b-H-c 

and 

c (a -1- b) c (a + b) 
-l- w = _ (3) 

a -l- b + c Ls 

where A= a+b+c. 
Subtracting 3 from 1 + 2, and solving 
for u in terms of a, b, and c, 

(1) 

(2) 

ab 
u =-- 

A 
(4) 

Subtracting 2 from 1 + 3, and solving 
for v in terms of the x elements, a, 
b, and c, 

be 
v = 

0 
(5) 

àTNkn Count earn 

on Permoflux Efficiency! 
In the " Handie- Talkie ", developed in 

the Motorola Laboratories, Permoflux 
Acoustical Devices are daily demonstrat- 
ing their ability to improve the efficiency 
and intelligibility of speech communica- 
tions. These same Permoflux achieve- 
ments, which today assure maintenance 
of laboratory performance in battle 
equipment, will be available for hundreds 
of postwar applications. 

BUY WAR BONDS FOR; VICTORY! 

PERM 

TRADE 

/ 
MARK 

FLU 
PERMOFLUX, CORPORATION 
4916 -22 W. Grand Ave., Chicago 39, 01. 

PIONEER MANUFACTURERS. OF PER DYNAMIC RANSDUCE MANENT MAGNET DYNAMI T 
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Zdtag% 

MODEd. 62 

VACUUM TUBE VOLTMETER 
SPECIFICATIONS: 

RANGE: Push button selection of five ranges -1, 3, 10, 30 and 100 volts a. c. or d. c. 

ACCURACY: 2% of full scale. Useable from 50 cycles to 150 megacycles. 
INDICATION: Linear for d. c. and calibrated to indicate r.m.s. values of a sine - 

wave or 71% of the peak value of a complex wave on o. c. 

POWER SUPPLY: 115 volts, 40 -60 cycles -no batteries. 
DIMENSIONS: 41/4" wide, 6" high, and 81/2" deep. 
WEIGHT: Approximately six pounds. PRICE: $135.00 f.o.b. Boonton, N. J. 

MEASUREMENTS CORPORATION 
BOONTON, NEW JERSEY 

This 
I-F TRANSFORMER 

is a Star 
Performer 

Here is a small (pictured actual size), permeability- tuned, precision - 
built I -F Transformer that is performing brilliantly in a number of 
important war applications. Now available for more general use, you 
may be able to use it to good advantage on some of your present or 
projected components. In any event, you should have the complete 
story on this simple, precise transformer in your files. 

For complete information, specifications, quotations and delivery 
estimates on this LS -1 Transformer, write 

CAMBRIDGE 4W CORPORATION 
445 CONCORD AVENUE CAMBRIDGE 38, MASS. 
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Figure 4 
The equivalence of a network having one set 
of elements within a four -terminal box to a 

simple T configuration. 

Subtracting 1 from 2 -}- 3, and solving 
finally for w in terms of the known ic 

network parameters, a, b, and c, 

ac w=- (6) 

This transformation holds for all 
values of a, b, and c, whether they are 
composed of simple resistances or are 
complex impedances, and for pure re- 
sistance networks over all frequencies 
for which the treatment of the network 
elements as lumped constants is valid. 

T to ,r Trasformaflon 

When the elements of the T network 
are given and it is desired to have the 
equivalent it network, the equations 4, 
5 and 6 may be solved for a, b, and c 
in terms of u, v and w. Thus, taking 
the sum of the products of 4.5 + 4.6 
+ 5.6, we have 

uv -}-uw -Fvw = 
ab2c -F a2bc -+ abc" abc 

A 
(7) 

6- 

and letting 
q5 =uv- Fuw-f-vw 
from 7 and 8 

abc -=9' 

(8) 

(9) 
A 

Taking the quotient of 9 and 5, 9 and 
6, then 9 and 4 successively, term by 
term, the equations required are ob- 
tained as 

a = - (10) 
v 

b = - (11) 

and 

c = - (12) 
u 

where ¢ = uy -F uw vw. 

As in the it to T transformation, these 
equations are perfectly general and ap- 
ply for complex impedances as well as 
for simple resistances. This is valid in 
resistive networks for all frequencies 
over the range for which the lumped 
element circuit theory holds true. 

For the special case of a symmetri- 
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1 IC network, a = c, and equations 4, 

5, and 6 for the equivalent T become 

ab 
(13) 

2a + b 

a2 

2a +b 
nd for thé symmetrical T with u = v, 
quations 10, 11, and 12 for the equiva- 

1 ent x become 

(14) 

.l 

u 

= u +2w =c (15) 

u2 + 2uw 
(16) 

w 

A convenient form of showing the 
relationship between the T and It net- 
works is given by Figures 2 and 3, 

where it may be seen that by placing 
the T and a elements at the vertices 
and sides of a triangle and in clockwise 

'e order as indicated, a workable "rule 
'e of thumb" method may be used for con- 

version purposes. 
By repeated application of T to it 

and a to T transformations, any com- 
plicated network may be reduced to 

the standard form of T or it con- 
figuration. 

ß 

S) 

Equivalent T from Measurements of a 

4- Terminal (2- Terminal Pair) Network 

SHEET METAL 
FABRICATION 

The equivalent T network for any 
configuration of elements, real, nega- 
tive or complex, may always be found, 
although in many types of reactive 
networks it may not be physically 
realizable. However, in the pure re- 
sistance types considered here, the 
equivalent network is always physical 
and real over all frequency ranges for 
which the resistance elements have 
zero phase angles, and may be treated 
as lumped constants. 

Let 

Zoe = open circuit measurements with ter - 
3 and 4 open, measured at terminals 
1 and 2. 

= open circuit measurements with ter- 
minals 1 and 2 open, measured at 
terminals 3 and 4. 

Z.1= short circuit measurements with ter- 
minals 3 and 4 shorted, measured 
with terminals 1 and 2. 

Z82 = short circuit measurements with ter- 
minals 1 and 2 shorted, measured at 
terminals 3 and 4. 

Referring to Figure 4, these conditions 
may then be written 

Zoe =u +w (17) 

Zoe =v +w (18) 

vw 
Z,1=u+ 

v+w 
uw 

(19) 

(20) Z., =v+ 
u + w 

The products of equations 17 and 20. 

"Cole Steel Equipment" specializes in tough sheet 

metal assignments as well as boxes, chassis, and 

instrument housings. Whether your blueprints call 

for extreme precision or gauge limits, we're geared 

to design, fabricate and finish exactly to specifi- 

cations. Whatever your problem, let us help you. 

COLE STEEL OFFICE EQUIPMENT 
will again be available 

after the war 

COL 
STEEL EQUIPMENT COMPANY 

349 Broadway, New York 1 3, New York Factory: Brooklyn, New York 
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IM a v ATE DELIVERY! 
NEW vIALCO PILOT LIGHT -- 

NCORPORATING SUPERIOR 

'IVARI-DIM" and 

"PRESS -TO -TEST" 
FUNCTIONAL FEATURES 

Designed especially for Aircraft, this 
Approved Pilot Light is compact, 
light and mounts in r+," panel hole 

Finger pressure on head of unit 
closes bulb - testing circuit. Turning 

the knurled head regulates the in- 
tensity of light. Send for details 

PLUS LAMPS: To speed produc- 
tion, we can supply any Pilot Light 
assembled with G. E. or Westing- 

house Lamps. 
Write for catalogue now 

No PR-104 

DIAL(D 

900 BROADWAY NEW YORK 3, N. Y. 
Telephone: ALgonquin 4- 5180 -1 -2 -3 

j !and 18 and Ip respprctiNelY give 
1ZwZ.,=uvvw +uv=Z,Z.:=ca 

(2t) 
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But for the really precise and delicate calibrations required in 

the Radio and Electronics Fields, instruments that guarantee 
amazing precision must be brought into play. For many years, 

MONARCH 
MEASURING - TESTING - CALIBRATING EQUIPMENT 

as been considered outstanding m helping to produce 
and maintain the high standards of opelor,on required 
for both war and peace_ 

When the requirements of war we sohsed to me degree shot we con produce for peau 
we will be reody with new rdeos and new products to meet eery occumuloted need. 

MONARCH MFG. CO. 
2014 N. Major Ave. Chicago, III. 
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This shows that if any three tneasure- 
meats of these four are made. the 

t fourth can always be determined. Sub- 
stituting 17 and /8 in 1 V and sole it 
for w. in ternis of the metasurenienti 

= 'z,(ze, -z., 
Using 22 in 17 and 18 successively, the 
values required for the other two 
equivalent elements are obtained im- 
mediately as 

u= Z., - Z., - Z., 

= Zur - 
and 

v= Z, - V7.02 ( Z,,, - Z.1) 

=z,- 

(23a) 
(23b) 

( 24a ) 

t 24b 

ln the special case of syuunevrical net - 
works giving equal open -circuit mea- 
surements, and equal short -circuited 
measurements, Z. = Z1 = Z,t, Z., = 
Z., = Z.., and equations 23, 2-1 and 2' 
become 

u="L,.,-\'"L,'-Z,.eZ.e=Z.,-H 
125) 

w = - Z.e Z. (20) 

/arflNes Tltoona' 

This theorem proposed by Bartlett 
and added to by Brune' provides otte 
of the most useful tools of all those 
which are available to the communica- 
tions engineer for network design 
problems. It treats of the bisection 
property of a class of artificial line sec- 
tions. In essence, the theorem is stated 
that if an artificial line section with 
characteristic impedance Z. and propa- 
gation function 9 has within itself n 
terminals 1, 2, 3 4 . . . such that bi- 
secting these terminals cuts the net - 
work into two exactly similar halves 
so that their behavior as determined 
with respect to the external terminal 
pairs is identical, and if each of the 
halves as considered from the original 
external pairs as a two -terminal im- 
pedance has an impedance Z., when 
terminals 1, 2, 3, 4 . . . are open and 
Z,, when 1, 2, 3, 4 ... are short cir- 
cuited, then 

0 
Z., = Z. cotti - 

) 

and 

L = Z. tanh - 
2 

427 

(28) 

where coth 0/2 and tank 0/2 are the 
hyperbolic cotangent and tangent re- 
spectively of the angle subtended by 
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tch half of the complete network. 
Since these hyperbolic functions are 

.ciprocal to one another, or 

tanh 9/2 = 
1 

coth 0/2 

om 27 and 28, the characteristic im- 
-dance may be found in terms of the 

en and short circuited impedances 
the bisected network as 

th 

tua 

im. 

'.3at 

'.3b) 

?lb) 

net. 

-Cd 

lull 

OOP 

hose 

Ip 

i1á1 

:tion 

sef- 

ated 

with 

opa. 

It II 

bi 

net- 

Ices 

irled 

final 

the 

081 

¡RD 

Ind 

cit. 

(s) 

the 

re' 

= VZ., zae (29) 

Relations 27 and 28 are exactly the 
me as those for a symmetrical lattice - 
pe network and therefore any type 

network, for which the theorem is 
lid, may be transformed into a lattice 
nfiguration. Figures 6a and 6b show 
e equivalence of a T -type network 
the lattice using these relationships. 

ence, we may note that the series, 
ms lattice equivalent is given by the 
ort circuited condition of the bisected 
twork and stated by equation 28, 
hile the shunt arms of the lattice 
iuivalent is given by the open cir- 
lited condition of the bisected net - 
ork and stated by equation 27. For 

lattice network equivalent of this 

'Bartlett, A. C., Phil. Mag., Vol. 4, pp. 902; 
ov. 1927. 
'Brune, O., Phil. Mag., Vol. 14, Series 7, 

). 806; Nov. 1932. 

igutes 5 (below, left) and 6 (below, right) 

igure 5, the equivalence between elements of 
e T and lattice networks. By imposing vari- 
us restrictions upon the lattice network, a 
mber of interesting and useful T networks 

ay be obtained. In Figure 6 (a) we have 
T- network which has been bisected and forms 
o equal halves which have mirror -like sym- 
etry. In (b), a lattice equivalent of the T- 
twork is obtained by inspection and the use 

Bartlett's Theorem applied to the bisected 
network of (a). 

Telex 
Receivers 

in 
the first 
wave! 

Photograph Signal Corps, U. S. Army 

TELEX 
EXPERIENCE OFFERS 

Magnetic Receivers: 
Cu. Vol.- Approx. 0.3 cu. in. 

Impedance -Up to 5000 
ohms. 

Sensitivity- 18 dynes / sq.. 

cm. for 10 microwatt input. 

Construction-Rugged and 
stable, using only finest mater- 
ials, precisely machined -no 
diaphragm spacing washers 
in Telex receivers. 

Transformers and Chokes: 

Cu. Vol. -Down to .15 cu. in. 

Core Material -High per- 
meability steel alloys. 
Windings -To your specs. 
(Limit of six outside leads on 
smallest cores.) 

.. *PN, 

Telex in the Aleutians 
Yes! Telex Receivers played a vital part 

in 1943 during the occupation of Attu 
Island in the Aleutians. When this picture 
was taken the first wave of occupation 
forces were just landing on the rocky 
beaches of Attu Island. 

Telex magnetic receivers bring each vital 
message with crystal clearness to the 
anxious ears of the radio operator. Tireless 
preparation by Telex engineers guarantees 
our boys dependability - the best that 
American engineering can produce. 

The prolonged hours of careful research 
and analysis which the engineers of Telex 
have devoted in creating the first wearable 
Electronic Hearing Aid and in serving the 
U. S. Army Signal Corps should be valu- 
able in helping you solve your electronic 
development problems. Write us today. 

ELECTRONIC PRODUCTS DIVISION 

`112.[ALli 
PRODUCTS COMPANY 
TELEX PARK MINNEAPOLIS MINNESOTA 
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Complete units or any com- 
ponent parts now available 
on the following: 

NOW IN PRODUCTION 

CD -318 -A JK -48 PL -68 
CD -307 -A PL -47 "A" Plug 
CD -874 PL -54 BC -366 
JK -26 PL -55 BC -347 -C 

PE -86 PL -58 SW -141 
1B -47 TD -3 

TBAVLRKAAi'XOLA 
RADIO AND TELEVISION CORPORATION 
1038 W. VAN BUREN ST., CHICAGO 7, ILL. 

PRECISION RADIO AND COMMUNICATION EQUIPMENT 

V 

R,_ 
R,_ 
Rz 

R, 

Ro 

o 

h) 

(,) 

Figures 7, 8, 9, and IO 
Typical cases of a few of the classes of net- 

works used in communications work. 

type having series arms a, and shunt 
arms b, 

a = Z tanh p/2 

b - Z. coth ¢/2 

The characteristic 

(30) 

(31) 

impedance is from 

From QUARTZ to QUALITY... 

C.T.C. Crystals are Carefully Controlled 
X -RAY ORIENTATION - predetermination of the crystallo- 
graphic axes to assure correct cutting ... Four individual lap- 
ping operations, plus edge lapping ... Soap washes and clear 
water rinses ... Filtered compressed air drying . insure the 
constant frequency, high activity and dependability of every 
C. T. C. Crystal. 

For complete information, quotations and delivery estimates 
on C. T. C. Crystals-"the Crystals you can count on "- write, 
phone or wire 

CAMBRIDGE 74mu CORPORATION 
445 CONCORD AVENUE CAMBRIDGE 38, MASSACHUSETTS 
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Figure II 
An example 
of Bartlett's 

Bisection 
Theorem as 

applied 
Fo a network 

with all 
connections 
aken straight 

through. 
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( 

I I 

nplt 

9h 

gure 12 

example 
Bartlett's 
isection 
heorem 
pplied to 
mmetrical 
etwork 
having 
eight and 
crossed 
nnections. 
e text for 

and Z, 
egend.) 

uo 
O 

N N 

re) 
o 

N N 

and 31 ; therefore 

= Vab (32) 

ie propagation function for the given 
)(work is found by the quotient of 
(nations 28 and 27 as 

c= 2 tank -"VZsc /Zoe (33) 

d for the lattice equivalent, by equa- 

hures 13 (below, left) and 14 (below, right) 

sure 13, an illustration of the application of 
a example shown in Figure 12. Figure 14. 

trivalent T of the lattices shown in Figure 13 

by Bartlett's Theorem. 

cc 

o_ 

III 

. as impor -s 

as the circuit itself 

Practical filter designs involve important compromises 

between several related factors if physical specifications 

and attenuation characteristics are to be achieved for 

predetermined circuit requirements. The overall performance 

of any design depends largely upon the carefulness and 

accuracy with which these considerations are carried out. 

Behind every ADC Filter stands years of practical design 

experience -the type of knowledge that makes it possible 

to turn out filters for the most exacting service applications. 
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IMMEDIATE DELIVERY 
in moderate quantities from stock 
ANDREW coaxial plugs and jacks are used as con- 
nectors for flexible coaxial lines, and fit many of the 
standard Army and Navy approved cables. They are 
especially useful where a simple panel mounting plug - 
in type of connector is required. 

Machined from brass bar stock, these sturdy plugs 
and jacks provide a positive connection between the 
outer conductors and between the inner conductors. 
Inner conductor contacts are silver plated to obtain 
maximum conductivity. Insulation is the best grade of 
Mycalex. Patch cords are made of low -loss flexible 
coaxial lines of 72 ohms surge impedance. Patch panels 
consist of 24 jacks mounted on a 19" relay rack panel. 
WRITE FOR BULLETIN 
NO. 31 

ONLY ANDREW 
offers this easy 
accessibility for 

You don't have to solder: 
through a window to in- 

stall an ANDREW plug 
or jack. Just remove one 
screw, slide the sections 
apart with your fingers 
and solder. This is a new 
improvement invented 
and used exclusively by 
ANDREW. 

Illustration shows panel with patch cord in place. 

.8 

104 

ACORDC 

,gge,$qe*14`2`lSeelle 2^-3_4---5^._g7 

ENT WITHIN 30 DAYS 
S H I ON ANY AA PRIORITY 

The Triplett Line of Instruments -a complete line from 

one source and better than ever before -is now ready 

s of "regular" business. Naturally, standard 
or 

catalog numbers in the stock room can ri hipped catalog numbers ready 
promptest, but all our instruments, l red with gratifying 
speedcYou facilities, are quick 

deliveries so place your 
speed. You can count on quick 

now. 

TRIPLETT ELECTRICAL INSTRUMENT CO. 

BLUFFTON 
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RESISTIVE NETWORK 

(Continued from page 77) 

tions 30 and 31, 

o= 2 tanh-'Va /b (34, 

Another class of networks havi 
straight through and symmetri 
crossed connections may be reduced t 

a balanced lattice equivalence by a 
plying the theorem, so that the equivv 
lent series arm equals the input i 
pedance of the bisected network wh 
the straight through connections a 
all short circuited together and tk 
crossed connections open circuite 
while the shunt arm of the equivale 
lattice will be the input impedance t 
the bisected network when the straig 
through connections are all open ci 
cuited and the crossed connections at 
all short circuited together. This ai 
plication óf the theorem has a wide u; 
age in transforming a lattice networ 
having dissipative resistances withi 
the lattice, to another lattice having t 
dissipative elements external to t 
equivalent lattice. Or the reverse ma 
equally well be applied so that dissipa 
tive elements outside a lattice structur 
may be moved inside the equivalent la 
tice. These relationships may ale 
apply to the transformation of the la 
tice network to the T, a or bridged - 
types of networks. 

BRIEFS NEWS 
(Continued front page 58) 

Chicago, as sales and advertising manag 
after serving for 2% years with the Doug 
Aircraft Co. in Africa and the Middle East 
technical adviser and representative. 
Munger has announced the appointment 

t Magazines, Inc., as public relations counsel, 

RCA CHART ON ASA SYMBOLS 
To aid in the coordination of fundamental eles 
trical graphical symbols, Radio Corporation t 
America is distributing a chart which explain 
and pictures the War Standards adopted r 
cently by the American Standards Associatioi 
The new standards are recommended for a 
electrical communications, power, control, an, 
measurement diagrams, so as to eliminate an 
further confusion of symbols. 

* * * 

o 

orp 

0' 

0, 

fer 

0f 

t! 

GOTHARD PILOT LIGHT CATALOG r 
rì 

it 
AS 

A 24 -page catalog and data book of pilot -ligh 
assemblies has been published by Gothas, 
Manufacturing Company, 1300 North 9 Stree 
Springfield, Illinois. The catalog contains illus 
trations, diagrams, specifications, prices, an 
other information on pilot -light assemblies fo 
panel board and instrument signaling. Also in 
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ed are photos and descriptions of lamps, 
kets and accessories. 

REPORTS 65 APPLICATIONS FOR 

MMERCIAL TELEVISION STATIONS 

y -five applications from twenty -four states, 
permission to erect commercial television 
ions, are now pending in FCC files in 
shington, according to the Television Broad - 
ers Association, Inc. Proposed new eta- 
s are located in Boston, Hartford, New 
k, Philadelphia, Newark, Baltimore, Wash - 
on, D. C., Pittsburgh, Cleveland, Detroit, 
innati, Chicago, Milwaukee, New Orleans, 

Ni Louis, Oklahoma City, Omaha, Denver, 
Lake City, Los Angeles, San Francisco 

Spokane, as well as Rochester, New York; 
mond, Virginia; Jacksonville, Florida; 

rleston, West Virginia; Lafayette, Indiana; 
ü erside, California; Stockton, California, and 

uquerque, New Mexico. 
* * * 

.t 

:III lMITE NEWS BULLETIN 
June -July issue of "The Ohmite News" 

etin features an article on Army -Navy 
type equipment which is capable of sending 
lye teletype messages simultaneously. A 
ilar terminal system, which is now being 

p ed at the Kearney Works of Western Elec- 
Company, is pictured. 
e bulletin also illustrates and describes 
ite's close control and low resistance cir- 

r slide -wire rheostats,* etc. 

NGSBURY PROMOTED 
OPERADIO 

' I rold H. Kingsbury, with Operadio Manu- 
turing Company for the past nine years, has 
n promoted to production control manager 
the company's three plants in St. Charles, 

a nois. 

tal 

tre 

ra 

1> 

là 

{ 

MPEREX TUBE BROCHURE 
24 -page illustrated brochure entitled "It Was 
Tube They Wanted" has been released by 
nperex Electronic Corporation, 79 Washing - 

Street, Brooklyn 1, New York. One section 
the booklet photographically shows the plant 
erations at Amperex today. Mention is also 
de of the expected postwar activities of the 

mpany in producing their custom -built elec- 
nic tubes. 

1. B. HANSON NAMED TBA 
:ONFERENCE CHAIRMAN 
he first annual conference of the Television 
roadcasters Association, Inc., will take place 

New York City on Thursday and Friday, 
lecember 7 and 8, 1944. 
O. B. Hanson, vice president and chief engi- 
eer of the National Broadcasting Company 
nd a director of TBA, will serve as chairman 
f the conference committee. jack R. Poppele, 
ecretary and chief engineer of WOR will be 
inference coordinator. and Will Baltin, secre- 
Lry- treasurer of TBA will be in charge of 
Tess and public relations for the event. 

ISA LIGHTNING ARRESTER 
;TANDARDS 
he American Standards Association has just 

(Continued on page 80) 

SAVE TIME 
SAVE WORK 

can ALLIED first 

New R-F Resonance and 
Coil Winding Calculator 
Easy to use! For fast ac- 
curate determination of 
resonance factors and 
coil winding data. 
No. 37 -955. Postpaid, 25c 

FREE 
Complete 

Up -to -date 
BUYING 
GUIDE 

Get Everything in 
ELECTRONICS 
and RADIO 

from this One Source 
All you make is one contact. All you place is 

one order ... for everything! Allied carries 

today's largest and most complete stocks under 

one roof ... ready for rush delivery. Over 

10,000 items to meet the most diverse 
needs. Procurement of "hard -to -get" items is 

facilitated by our close contact with leading 

manufacturers. This centralized stock and 

procurement service does the job- faster! It's 

always a good idea to call ALLIED First . . . 

for one item or a hundred! 

Write, Wire, or phone Haymarket 6800. 

ALLIED RADIO CORPORATION 
833 West Jackson Blvd., Dept. 31 -H -4, Chicago 7, III. 

In the Heart of America's Transportation System 

All these well known makes-and MORE! 
RCA 
Raytheon 
Hickok 
Triplett 
Supreme 
Mallory 
Ohmite 

IRC 
Centralab 
Burgess 
Knight 
Bliley 
General Electric 
Cornell- Dubilier 

Sprague 
Aerovox 
Hallicrafters 
Hammarlund 
E. F. Johnson 
Cutler -Hammer 
Hart & Hegeman 

Littlef use 

Stancor 
Thordarson 
Belden 
Meissner 
Am phenol 
Shure 

Astatic 
Amperite 
Jensen 
Utah 
Sangamo 
Dumont 
Bussman 

ALLIED RADIO 
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NEW 

poaaitei 
NAVY SPEC. -BAKELITE BASE 

PILOT LICHT 
for 110 volt operation 

This new light, with 1 " jewel, is avail- 
able in three models: ,;..1032 faceted 
jewel; #103 3 plain jewel, and #1034 
frosted jewel, colored disc. Sockets are 
molded of bakelite to meet Navy speci- 
fications, 17P4 -CFG. Removable jewel 
holder, of snap -in type, permits change 
of lamp from front of panel. 38" be- 
tween terminals. Designed for Mazda 
6S6 lamps. Selection of jewel colors: 
red, green, amber. blue, opal and clear 
-specify choipe when ordering. 

Ask for the New Gotham! Cutalot' 
of other riodels. 

90t44211e? 
MANUFACTURING COMPANY 

1335 North Ninth Street 
Springfield, Illinois 

20 -WATT UNIVERSAL AMPLIFIER 
Plug in for A.C. or 
6 -volt auto battery ; no 
power paca necessary. 
Uses mike and built -in 
phono at same time. 78 
It P M motor, 9 -inch 
turntable, crystal pick - 
up, separateon -of switch. 
Long - playing needle in- 
cluded. Continuously var- 
iable tone control on 

inclined eye -level con- 
trol panel. Use one or 
two 8 -ohm speakers with- 
out need of extra trans- 
former. Has one 68J7GT, 
one 68C7, two 6L6Gs in 
push -pull, two 6X5GTs. 
Model 6720, with tubes. 
F.O.B. New York $5628 
Model 6721. same as 6720, 
less phono player, $42.87 

TERMINAL RADIO CORP. 
85 CORTLANDT ST. NEW YORK 7, N.Y. 

PHONE WOrth 2-4415 
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NEWS BRIEFS 
(Continued from page 79) 

approved a revision of the American Standards 
for Lightning Arresters, first approved in 1936. 
These apply to substantially all the arresters 
designed for the protection of alternating cur- 
rent power circuits. 

The standard enumerates certain operating 
conditions to be considered when selecting the 
arrester rating to avoid unnecessary damage to 
the arrester by misapplication. The standard 
is intended to be self- contained in respect to 
definitions, and new definitions for wave front. 
wave tail and wave shape are included. Stand- 
ards also cover performance characteristics, 
service conditions and tests for lightning ar- 
resters. 

One of the revisions made in this standard 
improves the technique of impulse testing in 
the measurement of both voltage waves and 
current waves. 

These standards (C62.1- 1944). are available 
from ASA. 29 West 39 Street, New York 18. 
N. Y. at 30 cents a copy. 

* ,. 
FARNSWORTH TELEVISION BROCHURE 
A 26 -page booklet entitled "The Story of Elec- 
tronic Television" has been released by the 
Farnsworth Television & Radio Corporation. 
The booklet offers a simplified analysis of tele- 
vision reception and transmission. It is pro- 
fusely illustrated with color pictures. 

CROCKETT NOW MERIT COIL S -M 
John I. Crockett, Jr., has been named sales 
manager of Merit Coil & Transformer Corp., 
311 No. Desplaines St., Chicago 6, Ill. He was 
previously with Thordarson Electric Mfg. Co., 
where he was chief expediter. 

WM. H. KELLEY JOINS MOTOROLA 
AS SALES MANAGER 
N ni. Il. Kelley has been named general sales 
manager of the Galvin Manufacturing Corp.. 
4545 Augusta Blvd., Chicago 51, Ill. 

Mr. Kelley was formerly with RCA as 
regional manager of the San Francisco district. 

The management of the Motorola sales and 
products organization is otherwise unchanged. 
according to Paul V. Galvin, president. Elmer 
H. Wavering will continue to head the car 
radio division, Walter H. Stellner will continue 
as manager of the home radio division. and 
N. E. Wunderlich remains sales manager of 
the police radio division. Advertising and sales 
promotion activities will he handled by Victor 
A. Irvine. 

PIONEER GEN -E -MOTOR 
NOW CORP. 
The properties, assets and effects of Pioneer 
Gen -E -Motor of Chicago, a limited partnership, 
have been transferred to Pioneer Gen -E -Motor 
Corporation. 

FLOYD MASTERS NEW STEWART- 
WARNER RADIO DIV. MANAGER 
Floyd Masters, midwest district manager for 
Stewart -Warner Corporation appliances, has 
succeeded L. L. Kelsey' as manager of the com- 
pany's radio division. This division will be 
reconverted to the manufacture of a -m and f -m 
consumer radio sets as soon as the war is over. 

Mr. Kelsey is now with Belmont Radio. 
* * 

AMPEREX REORGANIZES 
Amperex Electronic Products, Brooklyn, N. Y., 
will hereafter be known as Amperex Electronic 
Corporation, and A. Senauke will serve as presi- 
dent. 

N. Goldman, senior partner, has retired be- 
cause of illness. 

Nicholas Anton will serve as vice president 

AT 100 MC 
POWER FACTOR 0.0033 

DIELECTRIC CONSTANT 3.57 
4 

DILECTENE 
A CONTINENTAL- DIAMOND 

ENGINEERED U -H -F 
INSULATING PLASTIC\ 

STABLE UNDER 
High Humidity 

Temperature Extremes 

Mechanical Stress 

Chemical Conditions 

READILY MACHINED 

For complete technical 

data, send for Bulletin DN 

CONTINENTAL- DIAMOND 
FIBRE COMPANY 

NEWARK 51 DELAWARE 
Dc 

ON SEA 

ON LAND 

IN THE AIR 

Premax Antennas are serv- 
ing the armed forces in 
every part of the world. 
When it's over, we'll be 
back with complete lines. 

Aster V -Day Comes 
Watch For 

Premax 

r. 

Division Chisholm -Ryder Co., Inc. 
4401 Highland Avenue, Niagara Falls, N. Y 
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charge of manufacturing and Samuel Norris 
ice president in charge of sales. 

the reorganization, Amperex becomes of - 

ted with North American Philips Company, 

Samuel Norris 
* * * 

EXLER AND DENIUS JOIN MECK 
arles R. Wexler and Homer R. Denius have 

kined the staff of John Meck Industries, Ply - 
uth, Indiana. Mr. Wexler, who is taking 
r the post of chief engineer, was formerly 
h Ken-Rad Tube & Lamp Works and the 
gnavox Corporation of Fort Wayne. Mr. 
nius, new plant manager of Meck's electronic 
ision, was previously associated with the 
osley Corporation. 

i 

Lai Chas. R. Wexler 

i 

al 

II. R. Denius 
* * * 

LTEC- LANSING AUDIO 
EACTOR DATA 
n 8 -page reprint of a paper "High -Q Audio 
eactor Design and Production," which origin - 
ly appeared in the March issue of CoM- 
UNSCATIONS, has been released by Altec- 
- using Corporation, 1210 Taft Building, Holly - 
ood 28, California. Colin A. Campbell, plant 
gineer, is the author. 

* 

ANNON ELECTRIC CHART NO. 3 
ublication of Chart No. 3, "The Cannon Type 

& RE Wall Chart." has been announced by 
annon Electric Development Company, 3209 

umboldt Street, Los Angeles, California. The 
art may be used as a visual aid on S and 

connectors by aviation schools. aircraft 
ants, air depots, flying fields, aircraft repair 

: ops, and others, for the instruction, identifi- 
tion, assembly, ordering, servicing or repair 

the connectors. It measures 38 "x50". and 
ay be obtained without cost upon request. 

* * * 

E. POSTWAR RADIO - 
ELEVISION CATALOG 

28 -page, four -color catalog on postwar 
ospects of radio and television has been issued 

y General Electric Company, 1 River Road, 
enectady, New York. The catalog, "Your 

oming Radio," forecasts through illustrations, 
e innovations which will be available to the 

ublic after the war, from improved tubes to 
to model cabinet designs. 

* * * 

CEMA ADDS SIX MEMBERS 
ix new members have been accepted into the 
est Coast Electronic Manufacturers Associa- 

'on. on. They are: Brittain Sound Equipment Co., 
os Angeles; Merle F. Faber -Manufacturing, 
an Francisco; Harvey Machine Co. Inc.. Los 
ngeles; Howard Pacific Corp., Los Angeles; 

e Lake Mfg. Co., Oakland; and Special Elec- 
rie Laboratories, Los Angeles. 
This brings the total membership to more 

han fifty. 

ENNINGS VACUUM 
ONDENSER FOLDER 
4 -page folder describing the 20- ampere series 

C 6.50 vacuum condenser, is being distributed 
y Jennings Radio Manufacturing Company, 
an Jose, California. The folder features a 

(Continued on page 82) 
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ANTENNAE 
& ASSOCIATED PRODUCTS 

Wherever Pr 
Cowl 

Products of "MERIT" are passing the test 
Complying with the most exacting requirements for precision 
workmanship and durable construction. MERIT has established 
its ability to produce in quantity and deliver promptly - 
Transformers Coils Reactors Electrical Windings of All Types for 
Radio, Radar and Electronic Applications. 

Today these dependable MERIT precision parts are secret wea- 
pons; tomorrow when they can be shown in detail as MERIT 
standard products you will want them in solving the problems of 
a new electronic era. 
Illustrated; High Voltage Transformers A -2123 (small) and- 
A -2124. Designed for high altitudes. Oil -filled and Hermetic sealed., CvC 

Since 1924 

MERIT COIL & TRANSFORMER CORP. 
311 North Desplaines St. . CHICAGO 6, ILL. 
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NEWS BRIEFS 
(Continued from page 81) 

temperature versus capacity curve, opera 
characteristics, and design data. 

* * 

LESLIE THOMAS NOW 
SOLAR WORKS MANAGER 
The Solar Manufacturing Corporation 
Bayonne, New Jersey, has appointed Leslie 
Thomas as works manager. Mr. Thomas 
formerly vice president and works mana 
of International Resistance Corporation. 

Tb 

a 

* * * 
SPRAGUE DRY ELECTROLYTIC 
CAPACITOR CATALOG 
A 28 -page catalog, No. 10, describing dr electrolytic capacitors has been released b Sprague Electric Company, North Adam 
Mass. The catalog describes the combination 
of capacity and voltage ratings available, wit 
special electrical characteristics and in con' tainers for every mechanical requirement 
Types cataloged include cardboard and meta 
tubulars. cylindrical metal container type; 
high- capacity low- voltage cylindrical "FP , 
types, octal base, a -c motor starting, and spç 
cial purpose types. Pages are also devoted t application notes including a number of typica 
characteristic charts. 

* 
LAPORT AND KNOX RECEIVE NEW 
RCA INTERNATIONAL POSTS 
Edmund A. Laport has been appointed stag 
engineer for international communications sys 
Lems and special apparatus at RCA, Camden 
N. J. James B. Knox succeeds Mr. Laport at 
chief engineer for engineering products at 
RCA's Canadian subsidiary, RCA Victor Ltd. 

In 1928 Mr. Laport built three mobile railwa3 
transmitter stations for the Chinese governmem 
at Peking and Tsientsin. Later he installer 
Rome's 1 RO (located near the Anzio beach 
head) and Milan's 1 MI. 

J. B. Knox 

OPERADIO DISTRIBUTOR BULLETIN 
The first issue of a news -letter. "The Operadic 
Bulletin," is being mailed to distributors. sounc 
service men. and industrial music outlets b 
Operadio Manufacturing Company, St. Charles 
Illinois. Additional news -letters are expectec 
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EASTERN PUMPS 
FOR VACUUM TUBE 
COOLING SYSTEMS 

Five different models of small centrifugal 
pumps designed for circulating water through 
the cooling systems of communication and 
X -ray tubes have been successfully designed 
by Eastern Engineering Company, long a 
eading manufacturer of small pumps for 
ig jobs. These pumps may be had for 
ither land, sea or airborne installations. 

AIRBORNE MODELS 
(Designated as the AR Series) 

These are designed in conformance with 
rmy and Navy standards. They have the 

following outstanding features: 

EXTREMELY LIGHT WEIGHT COMPACT 
INTEGRAL PUMP AND MOTOR UNIT 
EXPLOSION PROOF VARIED PERFORM- 
ANCES AVAILABLE OPTIONAL VOLTAGES 

LONG LIFE - CONTINUOUS DUTY DE- 

PENDABLE OPERATION UNIVERSAL 
MOUNTING 

The pump and 
motor are one in- 
tegral unit weigh- 
ing but two and 
one -third pounds 
and measuring 
over -all 5W" x 
VA" x VA". 

Performance up to 
11 P. S. I. and up 
to 5 gallons per 
minute. Models are 
available in stand- 
ard 12 and 24 
volt D. C. ratings. 
Shown are per- 
formance curves 
for the AR2, 3 
and 4. All models 
have long life and 
are rated for continuous duty with the ex- 
ception of model AR4, which under 8 P. S. I. 
is rated for intermittent duty. While the 
curves shown are those for which production 
is now standard, it is readily possible to 
obtain other characteristics where quantity 
is involved. 
The pump is equipped with a mechanical 
rotary seal which positively seals against 
any leakage. This seal is adjusted at the 
factory and tested under excessive pressure. 
Once the pump has been released from the 
test room no further attention or mainte- 
nance is necessary for either motor or pump 
during the life of the unit. 

LAND AND SEA MODELS 
(Designated as E -1 and E -7) 

Is 

II 

C 6 

PUMPING WATER 

ARI 

AR 

AR2 

I 2 J 45 
*AL. PER M/M. 

it 

35'1111111 
3,.110511101.11111111 ,11111i\0 \Co]\!® ' ooe 
5UM. KO __I,, 
°0 / 2 311 5 6 7 8 9 /0 

CAL. PEA M/N. 

2- 

MOREL E-/ 
YODEL E-] 

Both are centrifugal pumps, powered by 
General Electric Universal Motors. Model 
E -1 is 7" x 334" x 39/18 ", M5 H. P., weighs 
6 lbs. and has a Maximum Pressure of 20 
lbs. P. S. I. with a Maximum Capacity of 
7 G. P. M. Model E -7 is 9" x 4" x 4 ", 
1i H. P., weighs 8 lbs. and has a Maximum 
Pressure of 30 lbs. P. S. I. and a Maximum 
Capacity of 9 G. P. M. Performance curves 
for both models are shown above. Both of 
these models are designed for long life. They 
are equipped with mechanical rotary seals 
which completely seal the pumps against 
leakage. While the curves shown are those 
for which production is now standard, it is 
readily possible to obtain other character- 
istics where quantity is involved. They can 
be obtained with motors to meet Navy 
Specifications. 

EASTERN ENGINEERING COMPANY 
;7i FOX STREET - NEW HAVEN 6, CONN. 

dealers of sales developments and electronics 
trends. Fred Wilson, sales manager for the 
commercial sound division, is editorial director 
of the bulletin. * * * 

McNAMEE AND AKIN 
JOIN LITTELFUSE 

Littelfuse, Inc., of Chicago, Illinois, and El 
Monte, California, has announced the appoint- 
ment recently of Bernard F. McNamee as head 
of electronic research, and R. G. Akin as mid - 
west division sales manager. 

Mr. McNamee was formerly director of the 
engineering department of Consolidated Engi- 
neering Corporation, Pasadena. His previous 
associations include service with Wagner Elec- 
tric Company, the Echophone Company, Colin 
B. Kennedy Corporation, Bieber Laboratory, 
Moorehead Laboratories, and the Superior Oil 
Company. * * * 

GIRARD- HOPKINS CATALOG 
A 12 -page catalog describing dry and wet 
electrolytics, paper tubulars, filter capacitors, 
oil -filled capacitors, interference filters and 
power factor capacitors has been published by 
Girard -Hopkins, Oakland, California. 

HUDSON- AMERICAN 
ENGINEERING DIGEST 
A digest of outstanding technical papers ap- 
pears in the first issue of the "Radio Engineers 
Digest," published by the Hudson -American 
Corporation, 25 West 43 Street, N. Y. City, 
edited by John F. C. Moore. Included in this 
issue is Professor Paul Hudson's paper on 
"Demodulation Waves" which appeared in the 
April issue of COMMUNICATIONS. 

DIALCO DATA CATALOG 
A 24 -page catalog, No. 43, has been issued by 
Dial Light Company of America, Inc.. 900 
Broadway, New York 3. Photographs, diagrams, 
charts, physical and electrical characteristics, 
and other general information on Dialco pilot 
light assemblies and accessories are given. 

A 

Openings for . . 

RADIO ENGINEERS 

ELECTRICAL ENGINEERS 

MECHANICAL ENGINEERS 

In the development and 

production of all types 

of radio receiving and 

low -power transmitting 
tubes. Excellent post -war 

opportunities with an 

established company in 

a field having unlimited 

post -war possibilities. 

Apply in person or in writing to: 
Personnel Manager 

RAYTHEON 
MANUFACTURING CO. 

Radio Receiving Tube Division 

55 Chapel St., Newton 58, Mass. 

MEASURES 

QUANTITIES 
with greater 

sensitivity 
& range 

than ever before 

accomplished 
hti 

PATS. APP. FOR 

TECH LAB MICROHMMETER 
gives direct and instantaneous 

readings of resistance values down to 
5 microhms and up to 1,000,000 me- 
gohms. Accuracy in all measurements to 
better than 2(, ¡ ;. Output is sufficient to 
drive recorder. Entirely AC operated. 
Furnished in two models. Reasonably 
prompt deliveries. For complete data 
regarding other applications write for 
Bulletin No. 432. 

e0400. 
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of oo d focturers 

ronce other of ot. 
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aLABORATORIES& 

L I N C O L N S T R E E T 

JERSEY CITY 7, N. J. 
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ENGINEERS: Here's 
the BIG POINT about 

AM PERI TE 
REGULATORS 

(5 30 

p tlV 

+ ------- 

VOLTAGE OF 24V WITH AMPERITE 
BATTERY 6 CHARGER , VOLTAGE VARIES 

VARIES APPROX. ' ONLY 

5O%2% 

7eatu?e4 
I. Amperites cut batter 

voltage fluctuation fro 
approximately50 %to2% 

2. Hermetically sealed 
not affected by altitude 
ambient temperature 
humidity. 

3. Compact . . . light . . . 

and inexpensive. 
Used by U.S. Army, Navy, 

and Air Corps. 

y 
m 

DELAY RELAYS: For delays from 1 to 100 seconds. 
Hermetically sealed. Unaffected by altitude.... Send for catalogue sheet. 

NEW! 4 -page folder will help you solve Current and Voltage Problems: contains much valuable data in practical form -Write for your copy now. ! %MPERITE CO., 561 Broadway, New York (12), N. Y. 
In Canada: Atlas Radio Corp., Ltd., 560 King St., W. Toronto 

OUT OF THE BLACK EARTH 
ATURE has so planned it that out of black earth come beautiful flowers and the foods essential to our very sustenance. And so it is that from the darkness of the present hour . . . from the suffering and sacrifice of world war . . . will emerge a greater degree of understanding among men ... more freedom for untold millions 

. . . and advanced ideas to make man's burdens lighter and life more enjoyable. Astatic, like so many other manufacturing con- cerns, has been broadened by the experience of war production, has employed its engineering skill and manufacturing facilities to create new products, the principles of which will be reflected in Astatic's commercial and civilian products of a new day. 

THE ASIATIC CORPORATION 
YOUNGSTOWN, OHIO 

IN COMMUNICATIONS FOR AUGUST 1944 

THE INDUSTRY OFFERS ... 
(Continued from page 62) 

tic or corrosive fumes, oit, grease, acids, alk or moisture. 
A general sample for testing will be sent the manufacturer on request. 

SPERTI HERMETIC SEALS 
Hermetic seals of glass and a metal that an expansion coefficient similar to glass a said to be capable of withstanding severe the mal shock, are now being produced by Sper Inc., Cincinnati, Ohio. The seal is sald to pr vide a vacuum -tight bond that resists any ty of corrosion, atmospheric or liquid. Each s can be soldered to plates and cases by mea of high frequency oven soldering or standar soldering iron and the soldering temperature i. not critical. Two small eyelets on both end; of the protruding shaft of the seal allow fot wire attachment to transformers, condensers, relays and miscellaneous radio components. A hydrogen pressure -test for leaks and many other rigid inspections are part of the manu. facturing process. 

The glass insulation is said to provide a high dash over seal which will not carbonize. Navy immersion tests are said to show it to have a leakage resistance of 30,000 megohms, minimum, 8 Has a thermal operating range from -70° C to 200° C. 
Seals are available in special shapes and sizes either as single terminals or multiple headers. Some employ tubing instead of wire rod. 

0 

PLASTIC LACING CORD 
Vinylite lacing cord for tying wire has be announced by the Art Chrome Company America, 141 Malden Street, Boston 18, Mas: Its specific gravity is said to be 1.30; tensil strength, 2400 psi; elongation at break. 250% maximum operating temperature, 70° C. Power factor at 1,000 cycles per second and at 30° C 
is 126. 

Not soluble in alcohols or carbon tetra.' chloride. 
* 

PRICE ROTARY RELAY 
Relays operating on a rotating balanced grin ciple have been announced by Price Brother-. 
Company, Frederick, Md. 

The basic unit of the relay, known as "R. trol," is said to be a compact driving mechan 
ism providing up to 30° of clockwise or counte clockwise rotation. 

When used to operate switch wafers, it is said to provide a variety of contact arrange- ments adaptable for spaced wafer switches or switches in separate compartments. Where switch wafers are not used a special self -con- tained coil break switch is provided. 
Measures 2% "x1% "x1 '. 

* * * 

AMERTRAN TH TRANSTAT 
A transformer type a -c voltage regulator. type TH Transtat, has been developed by American Transformer Co., 172 Emmet Street, Newark 5, N. J. The brush arm is a machine die casting. The shaft is independent of the brush arm as- sembly and can be removed by drawing one pin. Thus, the unit can be changed from panel mounting to table mounting or ganged with other units for polyphase or simultaneous single phase control. By employing a phenolic thermo- setting plastic base, high dimensional con- formance is said to be assured and accidental lead shorting is prevented. 

Unit also features vinyl acetal insulated wire, impregnated core and coil with synthetic phenolic resin varnish of the polymerized type. and a dual- mounting arrangement for open delta three -phase control. 
Type TH -2 ,A A Transtat, 50-60 cycles, 115 volts, for single -phase operation, 35° C rise. has a nominal va of 250, output volts of 0 -115 and output amperes 2.17; a maximum va of 

R 
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30, output volts of 0 -130, output amperes 2.17. 
.t 50° C rise, nominal va is 300, output volts 
.115, output amperes 2,6; maximum va is 340, 
utput volts 0 -130, output amperes 2.6. 
Type TH -2X -2% A Transtat dual unit, open 

Alta connected for 3 -phase regulation, 50 -60 
Pcles, 115 volts, 35° C rise, has a nominal va 

435, output volts 0 -115, output amperes 2.17; 
iaximum va of 485, output volts 0 -130, output 
nperes 2.17. At 50° rise, nominal va is 520, 
itput volts 0 -115, output amperes 2.6; maxi - 

ium va is 590, output volts 0-130, output 
nperes 2.6. 
Output voltages are full load voltages. No 
ad voltages may be expected to be approxi- 
ately 5% higher. Exciting current is 0.06 am- 
re. Voltage increments are 0.4 throughout 
urge of control. 
Single unit weighs 53 pounds; dual unit 12 
,ands. 

74 ,4(14we_ 
TO YOUR 

PROCUREMENT PROBLEMS 
MAY LIE 

BETWEEN 

THESE 

COVERS! 

OVER 
Il 10,000 ITEMS 
l IN STOCK 

FAST DELIVERY 

Assured on Priority 

RADIO PARTS 
RADIO TUBES 

and 

INDUSTRIAL 
ELECTRONIC 
EQUIPMENT 

Send for 
this 

FREE 
800 Page 

Buying Guide 
Available solely to 
authorized purchas- 
ing agents and en- 
gineers who write 
to us on company 
letterhead. Address 
Box AC. 

Telephone 
BArclay 
7 -1840 

SUN RADIO 
& ELECTRONICS CO. 
212 Fulton Street. New York 7, N. Y. 

: iiionrioai 

* r * 

3 -POINT PIPE GAGE 
A three -point pipe gage to measure pipe from 
w" to 12", and electrical conduit and metallic 
tubing, has been produced by the Three -Point 
Gage Co., 3821 Broadway, Chicago 13, Ill. 

Gage is pocket size. Consists of two pivoted 
steel plates with edges curved at three points 
for contact with the pipe or tubing to be 
measured, together with scales which register 
standard sizes of electrical metallic tubing 
(thin -wall tubing) and conduit, and also cor- 
rect sizes of pipe in terms of inside measure. 
ment. A third scale shows drill size for tapping. 
Also included is an inch rule and metric rule. 

Constructed of steel, finished in black rust 
proof finish. Size, when closed, 23 "x4W ". 

* * * 

FUNGUS COATING 
Moisture and fungus resistant coating for 
over -all treatment of assembled ground equip 
ment, has been announced by Insl -x Co., 857 
Meeker Ave., Brooklyn, N. Y. Approved under 
Signal Corps. spec. 71 -2202 A. 

The material, Insl -x No. 25 -A, is said to 
become "tack- free" in less than 15 minutes . . . 

hard in less than an hour. It is said to be 
non -toxic to humans. Official tests are also said 
to show Insl -x No. 25A will not cause derma- 
titis. 

< * 

PIVOT TYPE BALL BEARINGS 
Pivot type ball bearings are now available 
from Miniature Precision Bearings, Keene. 
New Hampshire, in sizes ranging from 2 =10 
mm o -d. Made of beryllium, stainless or chrome 
steel as required for the application. Bearing 
races are machined from solid bar stock and 
finished on raceway and exterior surfaces. Each 
bearing is equipped with four balls of the same 
material as the cup and fitted with a retain- 
ing cap. 

VOLTAGE -BREAKDOWN TESTER 
For testing voltage breakdown of materials, 

(Continued on page 86) 

ilL 

JONES 500 SERIES 

PLUGS AND SOCKETS 
Designed for 5,000 volts and 25 amperes. 
All sizes polarized to prevent incorrect 
connections, no matter how many sizes used on 

a single installation. Fulfill every electrical and 

mechanical requirement. Easy to wire and in- 

stantly accessible for inspection. Sizes: 2, 4, 6, 

8. 10, and 12 contacts. Send for a copy of Bul- 

letin 500 for complete information. Write today. 

HOWARD B. JONES CO. 
2460 W. GEORGE STREET 

CHICAGO 18, ILL. 

%:` 
.%' sv.eft,.H,,.ä.,.. 

What happened to your meter when 

you made a miscue and slammed 

the pointer against the stops? Does 

the pointer above revive unpleasant 
memories? 

Until Supreme started production 
of its own meters, the best general 
purpose meters available were se- 

cured for our test equipment. They 

were good . . as good as any gen- 

eral purpose meter can possibly be. 

Today, however, Supreme built 
meters are designed for one specific 
field ...the electronic service man. 

Think back over the past years. 

How many days and dollars have 

you lost because of a slammed 
meter? No meter is indestructible. 
but these Supreme Meters can take 

it. Accurate? Yes! And double - 
rugged! 

Investigate when considering post- 
war service equipment. 

Supreme 504 -A Tube and Set Tester 
One of many test instruments in- 
corporating a Supreme Meter. 

a_HREME 
SUPREME INSTRUMENTS CORP. 
6REENIL0o0, MISSISSIPPI. O. S. R. 
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The No. 10060 
Shaft Lock 

Another exclusive Millen "Designed 
for Application" product is the No. 
10060 shaft lock. This differs from 
the self- mounting No. 10061 unit in 
that it is mounted on a cross arm 
which can readily be attached to 
variable condenser frames, brack- 
ets, etc., for "behind the panel" 
applications. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

SJ 

1 IIL 1111/Ua7I I WIT . . . 

(Continued from page 85) 

Industrial Instruments, Inc., 17 Pollock Ave.. 
Jersey City, N. J., have developed a voltage 
breakdown tester. Operating range of instru- 
ment, type P -3, is 0 to 10,000 volts d -c, or 0 to 
8,000 a -c. A lower range instrument, type P -1, 
with sloping panel, has a range of 0 to 4.000 
volts d -c, or 0 to 3,000 volts a -c. The voltage 
is continuously variable over the entire range. 

Tester operates directly from 110 -130 volt 
50/60 cycle a -c line. Breakdown is indicated 
by a red signal light, while a built -in meter 
indicates the direct -reading voltage. Drawer - 
switch type fixtures are available. These fix- 
tures have a jig to take given components or 
materials, and when the drawer is closed the 
voltage is applied. External connections are 
made by means of an insulated plug inserted 
in the high -potential a -c or d -c jack, with the other side grounded. 

Housed in metal cabinet, 15 "x21 "x28 ". 
* * * 

EASTERN AIR 1/50 H-P MOTOR 
Midget motors for driving blowers in high am- 
bient temperatures and for powering small con 
trol devices of all types have been developed by Eastern Air Devices, Inc., 585 Dean Street. 
Brooklyn 17, N. Y. 

Motors can be supplied to deliver 1/25 h-p.; 
can be wound for 2 or 3 phase and also fur 
nished for 400 -cycle applications at higher speeds 
and h -p. 

Specifications: 60 cycles; 115 volts; single 
phase -3400 rpm; diameter 3 5/16 "; overall 
length 3% "; shaft diameter 5/16 "; weight 3 
pounds. 

HYTRON MINIATURE TUBES 
Three new miniature tube, types 6AK5 6AL5. 
6AQ6, have been announced by Hytron Cor- 
i oration, Salem, Massachusetts. 

The 6AK5 is a sharp cut -off r -f pentode; 
6AL5, a v -h -f twin diode; and the 6A06, a 
double diode triode. 

VACUUM PACK STORAGE BATTERIES 
A vacuum -pack type of storage battery has 
been developed by the Willard Storage Battery 
Company. 

Four batteries -three 36 -volt types and one 
6- volt -are packed in a lead -plated metal con- tainer from which the air is exhausted. The bat- teries are said to retain their charge indefin- itely and be ready for immediate use regardless 
of the time elapsed since their manufacture. or distance they have been transported from the factory. 

When the batteries are about to be placed 
in service, the can is punctured by a special 
filling device and the vacuum inside the can draws the electrolyte quickly into 18 minia- 

of seconds, says the manufacturer, each batt 
is filled with electrolyte. 

The 36 -volt battery measures slightly o 
4" in length, just under 1 %z" in width and I than 1" in height; weighs six ounces. 

Its case is made of polystyrene. 
* * * 

GLASS -LENS INDICATING LIGHT 
An indicating light for service on 120 vol . featuring a small diameter mounting hole a,. a threaded type lens -cap, is now available fr. r. The H. R. Kirkland Company, M'orristow 
New Jersey. 

Known as the 590 D/E unit it mounts in a single 7 diameter hole. 
The lens -cap is said to contain a heav walled glass lens, cupped in shape. The t of the S6 standard 120 -volt lamp bulb exten.l into the cup of the lens, facilitating servici 

of the bulb. This lens design is also said provide 180° visibility. Lenses are available i red, green, blue, amber and white with the 

MAGNETS 
Thomas & Skinner. 

ALL SHAPES... ALL SIZES 
Cobalt Chrome Tungsten 
Stamped, Formed or Cast. 

ALNICO 
(Cast or sintered, under G. E. license) 

Also: LAMINATIONS for output trans- 

formers of highest permeability. Stand- 

ard stocks in a wide range of sizes for 

Audio, Choke, Output and Power 

Transformers. Write for dimension 

sheet. . . . TOOLS . . . DIES . . . 

STAMPINGS . . . HEAT TREATING. 

44 YEARS' SPECIALIZED EXPERIENCE 

Thomas & Skinner 
STEEL PRODUCTS CO. 

1113 E. 23rd St., Indianapolis S, Ind. 

ETRC.1% 

PROM PT 

DELIVERIES 
on most types 
Send for Catalog 

in Electronic Tubes 
. e . Phototubes 

Rectifiers and 
Special Tubes 

CONTINENTAL ELECTRIC COMPANY 
ONCA.o *MCI GENEVA, ILL. 

9071311104AIWASIH4°T 
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TECHNICAL 
NOTES 

Excerpts from New Home Study 
Lessons Being Prepared Under 

the Direction of the CREI 
Director of Engineering Texts 

Phase 
Inverter 
Circuit 

interior surface sand - blasted. Lenses are also 
available without sand -blasting in clear glass. 

Socket is of the screw candelabra base type 
for use with the T4Va neon glow lamp bulb. 
as well as with the S6 tugsten bulb. 

The D/E type lens -cap is also available ¡with 
socket sections for use with other type lamp 
bulbs, such as the 555 D/E unit for G6 double - 
contact bayonet base bulbs, and the T3 D/E 
unit for single- contact miniature bayonet base 
T3T /a lamp bulbs. 

Last month, CREI presented the 
first part of a technical article 
describing the Phase Inverter 
Circuit. Part 2, which appears 
in the September issue of "THE 
CREI NEWS," gives a typical 
numerical example of the Phase 
Inverter Circuit and indicates 
the type of performance that can 
be expected. 

Derivations are then made of the 
gain and stability of gain of such 
'a stage and it is shown that very 

good results can be expected. 
Finally, an analysis of the input 
admittance is made, as well as 

remarks on some practical fea- 

tures of the circuit. 

Each month "THE CREI NEWS" 
features such a technical article, 
in addition to other interesting 
features concerning The Insti- 
tute and the industry. We shall 
be glad to add your name to the 
mailing list without obligation. 
Simply write to The Institute at 
the address below and request 
the September issue of "THE 
CREI NEWS" containing the 
article on the Phase Inverter 
Circuit. 

* * * 
The subject of "Phase In- 
verter Circuit" is but one of 

many that are being constantly 
revised and added to GREI 
lessons by A. Preisman, Di- 
rector of Engineering Texts, 
under the personal supervision 
of CREI President, E. H. 
Rietzke. CREI home study 
courses are of college calibre 
for the professional engineer 
and technician who recognizes 
CREI training as a proven 
program for personal advance- 
ment in the field of Radio - 
Electronics. Complete details 
of the home study c krses sent on request . 

36 -page booklet. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

E. H. RIETZKE, President 

Home Study Courses in Practical 
Radio -Electronics Engineering for 

Professional Self -Improvement 

Dept. CO -8, 3224 -16th St., N. W. 
WASHINGTON 10, D. C. 

Contractors to the U. S. Navy - 
U. S. Coast Guard -Canadian Broad- 
casting Corp.- Producers of Well - 
trained Technical Radiomen for In- 

dustry. 

CLAROSTAT WIRE -WOUND CONTROLS 
A new version of the type 58 Clarostat wire - 
wound potentiometer or rheostat has been re- 
leased by Clarostat Mfg. Co., Inc., 285 -7 N. 
6 St., Brooklyn, N. Y. 

The new model has a metal strap on the 
shaft face, providing for a two -position locating 
pin. Metal strap also grounds the metal cover 
which is clinched to it. The cover is keyed in 
place on the casing. The bushing is keyed into 
the bakelite .case. Uses high -grade molded 
bakelite. 

The center rail and terminal comprise one 
piece. There is also a direct connection between 
winding and the l and r terminal lugs., 

There is zero hopoff at terminal; 1500 -volt 
breakdown insulation between winding and 
shaft. Switch can be added. Tandem units with 
two or more controls on common shaft. are 
available. Ratings: linear, 3 watts; V and W 
tapers, 2 watts; L, N and U tapers, 1.5 watts. 
Resistance values: linear, 1 t, î .000 ohms; 
tapered, 10 to 50.000 ohms. 

STACKPOLE BRAZING CARBONS 
A treatment to increase the life of resistance 
welding or brazing carbons has been developed 
by the Stackpole Carbon Co., St. Marys, Pa. 
The treatment, known as "F" treatment, is 
said to reduce the need for frequent dressing 
of the carbons by two - thirds or better. 

The new units are said to operate satis- 
factorily at brazing temperatures above red 
heat. Available in all shapes and sizes. Samples 
for test will gladly be sent to large users 
who request them on company stationery. 

CHICAGO PRECISION ELECTRIC DRILL 
SAW AND FILE UNIT 
An attachment for electric drills that is said 
to provide a portable power saw and file. has 
been announced by Chicago Precision Equip- 
ment Company, 919 N. Michigan Ave.. Chicago 
11, Illinois. 

According to the manufacturer, the new de- 
vice will saw into metal, casting or rod. wood, 
plastics and other materials, by placing an 
ordinary hack -saw blade in the holder with the 
teeth toward the operator. 

* * 

VOLT -OHM MILLIAMMETER 
Six a -c /d -c voltage ranges, 7 d -c ranges, 5 

resistance ranges and an a -c range are pro- 
vided in a volt -ohm milliammeter developed by 
Superior Instruments Co., 227 Fulton Street, 
N. Y. 17, N. Y. 

The d -c and a -c voltage ranges, at 1,000 ohms 
per volt, are 0 to 15/60/150/300/600 /1,500. Cur - 
rent ranges (d -c) are 0 to 3/15/60/150 ma; 0 to 

(Continued on page 90) 

IT'S 
=CHARGER 

TOWERS 
feRSTATFPOIIChAVIo 
ANDFM. SYSTEMS 
For their outstanding Radio 
Communication System, the 
New Jersey State Police use 
Wincharger Towers exclu- 
sively as supports for F -M 
Antennas. They and hun- 
dreds of other stations in 
all types. of broadcasting 
know that they depend on 
Wincharger for - -- 

* Strong, Clear Signals 

* Low Initial Cost 

* Pleasing Appearance 

* Low Maintenance 

Immediate deliveries on suit- 
able priorities. Write or wire 
for full information. 

BONDS 
FOR 1- MY 

M'[Me4gq ` 
ION 111CI.I( 

S,S,IS 

I..,N,I,., 

VICTORY %---?"'C" 

¡NP fARCIR 
ANTENNA TOWERS 
and VERTICAL RADIATORS 
WINCHARGER CORPORATION SIOUX CITY.IOMA 
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ELECTRICITY 
For Any Job Anywhere 

For a dependable source of electricity on projects 
remote from commercial power, Onan Electric Plants 
are proven leaders in the field. More than half of the 
armed forces' total requirements for Power Plants 
are built by Onan 

Gasoline- driven. . . . Single -unit, compact design. 
. . . Sturdy construction. . . . Suitable for mobile, 
stationary or emergency service. 

Over 65 models, ranging in sizes 
from 350 to 35,000 watts. 50 to 800 
cycles, 115 to 660 volts, A.C. -6 to 
4000 volts, D.C. -Also dual_ A.C. - 
D.C. output types. 

Describtive literature sent promptly on 
request. 

D. W. ONAN 
& SONS 

1271 
Royalston Ave. 

Minneapolis 5, 
Minn. 

2id.teii giecbioszr.'e niacucd 
CO. 

1814 E. 40TH ST. CLEVELAND 3, OHIO 
Development and Manufacture nj 

TRANSMITTERS AND RECEIVERS, AM AND FM 
INDUCTION HEATING FURNACES 
ELECTRONIC GAUGING EQUIPMENT 
INDUSTRIAL ELECTRONIC EQUIPMENT 

ACOUSTICAL SOCIETY REPORT 

( C ontinued from page 38) 

source un a steel track, the position of 
the microphone being remotely controlled 
by Selsin motors. The positions of equal 
phase are recorded by photographing a 
reference scale against a steel tape 

Figue 4, below 
Block diagram of 
components in phase 
measuring assembly, 
analyzed by Profes- 

sor Leonard. 

VS COMMUNICATIONS FOR AUGUST 1944 

PERFORMANCE PERFECTIONISTS 

Receiving 
Tubes 
Regular 
Style 

Sylvania 
Lock-in 

Receiving 
Tube 

Circuit engineers, by never - 

ending tests of Sylvania Ra- 

dio Tubes, perfect their per- 

formance and 
compile data that 
leads to new elec- 
tronic tube de- 
velopments. 

(Army - 
Navy E) 

Radio 
Division 

SYLVANIA 
ELECTRIC PRODUCTS INC. 

EMPORIUM, PA. 
w 

AND 

ELECTRONIC 

DEVICES 

BURSTEIN-APPLEBEE CO 
Kansas City 6, Missouri 

CRYSTALS 
EXCLUSIVELY 

SING 
1934 

ORDERS SUBJECT TO PRIORITY 

P E T E R S E N RADIO CO., Council Bluffs, Iowa 

Figure 5 
Plain and elevation views of the room in which measurements 
discussed by Professor Leonard are made. The walls and 
ceiling of the room are covered by 2" of rock wool backed 
by 6" air space. The ceiling of the room is several feet 
below the surface of the ground, which accounts for the 

minute variations, which are of the order of 
.03° C. during the day. 

www.americanradiohistory.com

www.americanradiohistory.com


Figure 6 
typical photograph revealing the simultaneous 

ecording of temperature and distance measure - 
ents on film. Camera is actuated by a solenoid 
hen the proper position of the microphone is 
cated by the pattern on the scope. Note: This 
egative was reversed. The tape should read 

from left to right. 

trctched parallel to the axis of the 
ource. The camera and reference scale 
ove with the microphone. Wavelength 
easurements are made over an interval 
f 10 meters. The source frequency is de- 
ermined by beating one of its harmonics 
ith the carrier frequency of a commer- 

ial broadcasting station. Harmonics of 
he order of the 100th are generated in a 

uitable diode circuit. 
Temperature measurements are made 

y means of thermocouples distributed 
long the line of measurement. Humid - 
ty is determined by a gravimetric 
ethod. A sample of air of known vol- 

ime is passed through a drying tube and 
he change in weight of the tube deter - 

ined. Since it is unnecessary for the 
perator to enter the room during or im- 
ediately previous to making the meas- 

trements, temperature gradients and tur- 
ulence are at a minimum. 
Professor Leonard stated that he felt 

he method used has a greater potential 
ccuracy than any yet employed for three 
easons. First, it reduces to a negligible 
mount the diffraction effects of a large 
ource. Second, with the proper treat - 
ent of the walls now planned, reflec- 

ions will have no measureable effect on 
the average wavelength. And third, the 
ootn in which the measurements are 
ade has a unique temperature and 

tumidity stability. 

Figure 7 

Room interior, looking toward sound source. 
Cart carrying the microphone and camera is at 

far end of the track. 

Short Cut to TURRET TERMINALS 
C.T.C. TURRET LUGS fill the bill when you want swift, sure, easy -to- 

apply terminals. Just swage them to the board and in a jiffy you've 
got uniform, firm terminals. 

These heavily silver plated TURRET LUGS are easy to solder to and 
contact is perfect. The amount of metal used in their construction has 
been carefully calculated to give them maximum strength, yet not 
enough is used to draw heat, thus slowing down the soldering operation. 

No time lost getting them, either. TURRET LUGS to fit a wide range 
of terminal board thicknesses are stock 
items with us. Just specify the thickness 
you require and we'll send them on their 
way to you in a hurry. Write, phone or wire 

CAMBRIDGE 7mcu CORPORATION 
445 CONCORD AVENUE CAMBRIDGE 38, MASS. 

AVeur TWIST TO 
CRYSTAL CLEANING 

THIS is an actual photogragh of 
the centrifugal air drier, or 

"spinner," used in Bliley produc- 
tion to facilitate clean handling of 
crystals during finishing and testing 
operations. Quartz blanks are dried 
in 5 seconds in this device which is 
powered with an air motor and spins 
at 15,000 r.p.m. 

Little things like lint or micro- 
scopic amounts of foreign material 
can have a serious effect on crystal 
performance. The "spinner" elimi- 
nates the hazards encountered when 
crystals are dried with towels and 
makes certain that the finished' 
product has the long range re- 
liability required and expected in 
Bliley crystals. 

This technique is only one small 
example of the methods and tests 
devised by Bliley Engineers over a 
long period of years. Our experience 
in every phase of quartz piezoelec- 
tric application is your assurance of 
dependable and accurate crystals 
that meet the test of time. 

BLILEY ELECTRIC COMPANY - - - ERIE, PA. 

F '`ß G -a.6 
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NEW 
INDEXING 

MECHANISM 

FIRST TO USE 
LAPPED CONTACTS 
t BRUSHES 

TOTAL 
IMPREGNATION 

GROUND 
SHAFT F REAMEt, 
FULL LENGTH 

BEARING 

STAMPED 
STEEL MTG. 

PLATE 

5 MAJOR INVASION POINTS-1 

WIN FOR IN THE 

VARIABLE ATTENUATOR FIELD 

Point No. 1 - New, positive indexing 
mechanism with steel ball smooth 
operation and phosphor- bronze spring. 

CINEMA ENGINEERING CO. 
1508 W. VERDUGO AVE. BURBANK, CALIF. 

WATER andAIR COOLED 
TRANSMITTINfiansi RECTIFYING TUBES 

AMPEREX ELECTRONIC PRODUCTS 
79 WASHINGTON STREET BROOKLYN, NEW YORK 

Export Division: 100 Varick Street, New York, U.S.A. Cobles "ARLAB" 

(1 1 ; 
\A;: 

AIRCRAFT 
MARINE BROADCAST 

POLICE COMMERCIAL AMATEUR 

HIPOWER CRYSTAL COMPANY 
Sales Division-205 W. Wacker Drive, Chicago 6 
Factory -2033 Charleston St., Chicago 47, Ill. 

DI -ACRO BRAKE 
forms non -stock 
angles, channels or 
"Vees ". Folding 
widths- 6',12',18' 

THE INDUSTRY OFFERS ... - 
(Continued from page 87) 

3/15/30 amperes. The a -c range is 0 to 3 am- 
peres. Resistance ranges are 0 to 1,000 /10,000/ 
100,000 ohms and 0 to 1 megohm. Meter is 41A" 
square, 0 -400 microamperes. Size, 6" x 10" x 
10"; weight, 11 pounds. 

A - N STANDARDIZATION 
(Continued from page 37) 

at 85°, for example, ± 200 parts per 
million per degree Centigrade = 

-!- 200 
X100(85 °- 25 °) = ±1.2% 

10° 

or at 43° C 
± 200 

X 100( -40° 25 °) _ ±1.3% 
10° 

This chart should prove helpful to de- 
sign engineers in selecting capacitors re- 
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Girl Saves 
Man Hours! 
Making Parts Without Dies 
No delay waiting for dies -parts ready 
quicker -deliveries speeded up. Women are 
rapidly taking a major place on the Indus- 
tnalfront. DI -ACRO Precision Machines- 
Shears, Brakes, Benders -are ideally suited for 
use by women in making 
duplicated parts accu- 
rate to .001' - 
Write for catalog - 
"DIE -LESS DUPLICATING." 

*Pronounced "DIE- ACK -RO" 

322 EIGHTH AVE. SO., MINNEAPOLIS 15, MINN. 

quiring definite limits of capacitance- 
change with temperature. It is no longer 
necessary to have numerous charts and 
data sheets showing the temperature 
characteristics of several manufacturers' 
types of capacitors. 

Capacitance 

Standard capacitance values in micro - 
microfarads are denoted by a three -digit 
numerical code. The first two digits are 
the first two significant figures ; the third 
digit is the number of zeros which follow : 

050 = .5 mtnfd; 513 =51000 mmfd. 

Tolerance 

Standard tolerance values are all sym- 

ti 

fo 

th 

Tf. 

c 

a 

11 
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Universal Stroboscope 
PHONOGRAPH AND RECORDER AID 

0 0 
11111111111/ 1 / i `...`v///¡ 

UNIVERSAL 

e), - 
,,ailable from local dealers 

by writing factory direct. 

This handy phonograph turntable speed indicator, 
complete with instructive folder, is now available 
gratis to all phonograph and recorder owners 
through their local dealers and jobbers. As a recorder 
aid the Universal Stroboscope will assist in maintain- 
ing pre -war quality of recording and reproducing 
equipment in true pitch and tempo. 

Universal Microphone Co., pioneer manufacturers of 
microphones and home recording components as well 
as Professional Recording Studio Equipment, takes 
this means of rendering a service to the owners of 
phonograph and recording equipment. After victory 
is ours -dealer shelves will again stock the many new 
Universal recording components you have been 
waiting for. 

i 

etrical and designated in accordance 
ith the following table : 

G -±2% 
J = ± 5% 
K - ±10% 
M = ±20% 

A typical standard type designation 
ould thus be CM20B471M. This desig- 
ation gives a complete description of 

the unit- maximum dimensions 51/64" X 
i 5/32" X 7/32 ", B characteristic, 470 

mfd capacitance and -!- 20% tolerance. 
Each standard type designation carries 
specific voltage rating as listed in the 

.pecification. For this reason the need 
or a voltage indicator is unnecessary in 
he type designation or the color code. 

The voltage table shows the standard 
voltage ratings for ranges of capacitance 
in each case size. It is to be noted that 
case sizes CM35 and larger have multi- 
ple voltage ratings ; the higher values of 
capacitance in a given case size of neces- 
sity have reduced voltage ratings. 

Design engineers can now specify their 
exact needs for each application since the 
standard type designation itself specifies 
all- important electrical and physical 
characteristics. The designer knows that 
complete interchangeability between man- 
ufacturers' standard types is assured by 
specifiying a standard type designation. 
Manufacturers and designers are thus on 
a common level and have a mutual under- 
standing of exactly what is required and 
what is available. 

Color (-Capacitance 
Significant Fig. 

Tolerance 
I Per Cent) 

Character - 
istic 

, 
Decimal Multiplier 

Black 0 1 20 (M) A 
Brown 1 10 B 

Red 2 100 2 (G) C 
Orange 3 1,000 D 

Yellow 4 E 

Green 5 F 
Blue 6 G 

Violet 7 

Gray 8 
White 9 
Gold 

. 
01 . ) 1 5 (K) (K) 

Figure 3 

At right, color cod- 
ing guide. (Arrow 
following word "ze- 
ros" should be re- 
versed.) The color 

code chart is 

shown above. 

Black dot 
identifies 
Mica -Capacitor, 

--. 1st _Significant 
.2nd figures 

followed by 

Number of Zeros: Characteristic - ---' 
Capacitance 
Tolerance 
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Long before this war began 
AUDAX Pickups were in 

SELECTIVE 

SERVICE 
Since pickups first became 

important commercially, the dis- 
tinguished products of AUDAX 
have been SELECTED where - 
ever and whenever the require- 
ments were exacting. 

Today AUDAX magnetically 
powered pickups are SE- 
LECTED for War contracts that 
demand the highest standards 
of performance ... irrespective 
of climatic variations or severe 
handling. 

Our stern peacetime stand- 
ards, maintained for so many 
years, have proven comfortably 
adequate to meet government 
specifications. 

The sharp, clean -cut facsimile 
reproduction of MICRODYNE 
is a marvel to all who have put 
it to the only test that really 
matters ... the EAR TEST. 

ALTDAK COMPANY 
500 -C Fifth Ave., New York 18, N. Y. 

Creators of High Grade Electrical 
nd Acoustical Apparatus Since 1915 

Send for your copy of our Informative 
"PICK -UP FACTS" 

* BUY 
WAR BONDS 
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NO hasty development or Chinese copy 

of the units of some other manufacturer, 
the popular Types 214 -314 Rheostats 
have been made by us for many years. 

The Type 214 was first brought out in 

its present general form in 1919. As 

materials improved ... better wire . . . 

better insulation . . . more accurate 

winding methods ... better mechanical 

design of molded form, winding cards 

and contact arms . . . the Type 214 

gradually reached its present stage. 

They are being turned out just as 

quickly and in just as large volume as 

we are able. After the war we may have 

some radical improvements in our entire 

rheostat line. In the meantime when 

ordering rheostats that look like G -R, 

why not buy G -R, if our present deliv- 

ery schedules meet your requirements. 

GENERAL RADIO COMPANY 
Cambridge 39, Massachusetts 
NEW YORK CHICAGO LOS ANGELES 
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Here's new and up -to- the -minute data for 
designers of communications and electronics 
equipment in concise, easy -to -use form. 

Forty pages of property tables, performance 
curves and design suggestions provide working 
data for selecting the proper grade of Micarta 
for any communications application. Data covers 
both laminated, molded, and formed Micarta. 
Grades include those designed for severest wear 
and high dielectric strength. Micarta terminal 
blocks, commutators, bases, coil forms, switch 
spacers and tube sockets, are now standard in the 
industry. In these successful applications, you 
may find the basis for an improved design. 

Reserve your copy of the new Micarta Data 
Book today. Write Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa., Dept. 7 -N. J- 06354 -1B 

GET THIS 
HELPFUL DATA: 

Grades of Micarta -their character- 
istics ... corresponding Army and 
Navy types. 

Properties of Micarta - electrical 
... mechanical ... chemical ... how 
they compare with other materials. 

Designing Help- machining data... 
how to apply directional loads . . . 

molded and formed Micarta design 
suggestions. 

Forms Available- standard shapes 
and sizes . . . plates, rods, tubes, 
angles, channels, zees. 

PLANTS IN 25 CITIES ... 
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